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Most current Damage Risk Criteria (DRC) for human exposure

to impulse noise are written in terms of peak pressure as the

primary index of the traumatic potential or hazard associated

with exposure to an impulse noise. Since the peak pressure is

only one of many parameters of an impulse, there is a question

whether or not a DRC based on peak pressure can reflect
accurately the hazard to hearing posed by impulse noise. The

experiments described in this report were designed to determine

whether peak pressure is an adequate quantifier for an impulse

noise DRC. The general approach was to construct two types of
impulse noise with the same Fourier pressure spectrum, but with

different peak pressures. This makes it possible to compare the
hearing loss and injury resulting from impulses which have the

same total energy distributed the same way across frequency, but

with different peak pressures. We also can compare injury from

different levels. A total of 36 animals were divided into six
groups (six animals/group). Groups 1 and 2 were exposed to

impulses having approximately equal energy, but with peak
pressures that differed by 8 dB. Similarly, groups 3 and 4 and

groups 5 and 6 formed pairs of exposure groups where the energy

was equivalent, but the peak pressure differed by 8 dB.

Threshold shift was measured for 30 days postexposure and injury
to the cochlea was determined by examination of surface

preparations of the basilar membrane. The threshold shift
measured during the first few hours after exposure showed
systematic variation with both peak pressure and energy level.

The permanent threshold shift (20 to 30 days postexposure) and

the loss of sensory cells showed strong dependence on energy
level, with a less pronounced dependence on peak pressure. These

results indicate that peak pressure is not a sufficient indicator

of auditory hazard; however, energy alone is not a sufficient

indicator either.
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INTRODUCTI0N

Most current Damage Risk Criteria (DRC) for human exposure

to impulse noise are written in terms of peak pressure as the

primary index of the traumatic potential or hazard associated

with exposure to an impulse noise. Since the peak pressure is

only one of many pararueters of an impulse, there is a question

whether or not a DRC based on peak pressure can reflect

accurately the hazard to hearing posed by impulse noise.

The current US Army recommendation on what constitutes

hiazardous impulse noise is traceable to the 1968 report from the
NAS-NRC Committee on Hearing, Bioacoustics, and Biomechanics
,2HABA, 1968). The impulse noise limit stated in the CHABA
document was based on the scant data available at the time and

was defined in terms of peak pressure, A-duration, and
B-duration. The authors of the CHABA document recognized the

potential shortcomings and included a series of disclaimers which

are typified by the statement: "While these curves do no great
violence to the published data on either Temporary Threshold
Shift TTS) or Permanent Threshold Shift (PTS) from impulse noise

... they admittedly represent only a first attempt at a
reasonable DRC for exposures to impulse noise. Parameters that

are ignored in the present criterion may eventually be shown to
be important." This was an open invitation for further
refinement of this DRC through additional research.

This research has by-and-large not materialized. This DRC

nas, however, formed the basis for the current versions of the
two Army documents which restrict noise exposure. The first

.ocument, 7B-MED-501 (DA 1972) "simplified" the original
criterion by ignoring durations and setting a conservative limit

of 140 dB on the peak sound pressure level. Consequently,
whenever impulse noise exceeds 140 dB peak SPL, TB-MED-501

dictates that hearing conservation measures must be taken. The
second US Army document based on the CHABA criterion is

>uz-S:D- 474B<M:; cDoD 1975). This standard specifies noise
limits for Army material. Different limits apply depending on
what nearing protection can be used with the equipment. These

:mits are simply the CHABA limits adjusted for an arbitrary

amount of protection 29 dB or 35.5 dB) afforded by hearing
protective zevices. Since these two Army documents are traceable

to tne original CHABA criterion, their validity rests in part on

tne validity of this criterion. Unfortunately, the necessary
research to establish the technological data base required for
leterining the validity of this standard has not been

fortncoming.

Tne Unit.. Kingdom ,Forrest, ,984) has adopted a noise limit

standari very similar to tnat of t e US Army. The DasIc



parameters used to assess hazard are identical; only tne limiting

.evel is different due to a difference in percentage of

protection. The Netherlands and West Germany employ standards

'Smoorenburg, 1932; Pfander, 1975; Pfander et al., 1 80) which

use a peak pressure criterion as in the US documents except that
the impuise duration is defined differently. Only the French
(Dancer, 1984) recently have adopted a standard which is not

based on peak pressure. They use the A-weighted energy of an

impulse in their noise limits.

One of the primary shortcomings of the earlier research was

that it focused primarily on peak pressure as a quantifier of

impulse noise exposures. There has been an almost complete lack

of attention to the distribution of acoustic energy across
frequencies. In most cases, it is now impossible to reconstruct

the energy density spectra of the impulses used in many of the

early studies because the peak measures reported do not contain
sufficient information to permit this calculation. The general
lack of research in this area has left most of the questions
posed by the authors of the original CHABA DRC still unanswered.

The experiments described in this report were designed to

determine whether or not peak pressure is an adequate quantifier
for an impulse noise DRC. The general approach was to construct
two types of impulse noise waveform with the same Fourier
pressure spectrum, but with different peak pressures (i.e., with

a different phase spectrum). This makes it possible to compare
the hearing loss and injury resulting from impulses which have
the same total energy distributed the same way across frequency,
but with different peak pressures. Also, we can compare injury

from impulses having the same peak pressure and different energy
levels. For the limited range of exposure parameters used in
these experiments, this approach provides a test of the
sufficiency of using peak pressure as a predictor of auditory
hazard.

METHODS AND PROCEDURES

- The experiments that are described here follow a relatively

* straightforward paradigm: Preexposure measures of hearing are
obtained on each animal; the animal is exposed to the impulse
noise; following exposure, the animal's hearing thresholds are

* remeasured at various postexposure times; then following a fixed
period of recovery, the sensory structures of the cochlea are
prepared for histological examination. Such a paradigm allows
for comparisons to be made among variables, such as (1) the
physical exposure conditions, (2) temporary changes in hearing,
(3) permanent changes in hearing, and (4) the extent and nature
of the cochlear damage.
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S.ibects: The subjects were monaural chinchillas aged from

not less than 12 to approximately 49 months at the start of the
st.;.y. Each animal was made monaural by surgically destroying
the left cochlea, thus deafening each animal in the left ear.

The surgery was performed with the animal anesthetized to
surgical depth using halothane gas. An incision was made in the
skin over the ventral surface of the auditory bulla and a small
hole was made in the bone of the bulla to provide access to the
cochlea. Then, the cochlea was destroyed using a smal' metal
pick to break the bone away from each turn of the cochlea
Miller, 1970). The animals were allowed at least 1 week
postoperative recovery time before proceeding with the
audiometric training and testing.

Audiometric Apparatus: The audiometric instrumentation has
been previously described in detail by Burdick et al., 1978. The
-ninchillas were tested in a double-grilled cage within a 1200
Series Industrial Acoustics Company (IAC)* sound room. Mounted
on the cage was a row of photocells to detect the animal's
location and an electronic buzzer which was used as a secondary
reinforcer. A synthesized signal generator (Fluke Model 6010A0),
an attenuator, and an amplifier were used to generate and adjust
the signal level. The pure tone signals were delivered through
an Altec coaxial loudspeaker.* The control, duration, and
sequencing of events, as well as recording, were accomplished
using a microprocessor. The behavior of the animals was
monitored on a closed circuit television.

Training and Threshold Testing Procedures: The procedures
for training and testing the animals were similar to those
described previously (Burdick, et al., 1978). The animals were
conditioned to avoid an AC electric shock (1.4 mA nominal level)
by crossing from one compartment to the other of the
double-grilled cage during a 3.84-s trial interval during which a
pulsed, pure-tone signal was presented. Each trial interval
consisted of three tone pulses with 720ms on-times separated by
560ms off-times. The tone pulse had an exponential rise and
decay function with a first time constant of 14 is. When the
avoidance response was made, the signal was terminated
immediately. If the subject failed to cross from one compartment

to the other during the trial interval, a shock and buzzer were
presented simultaneously until the crossing response was made.
This resulted in the termination of the shock, buzzer, and
signal.

Each group of subjects received training sessions until all
subjects scored 95 percent correct for three successive sessions.
During the training sessions, the animals were given one trial at

*See Appendix F
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each of tne following nine frequencies: 0.125, 0.25, 0.5, 1.0,
1.4, 2.3, 4.), 5.7, and 8.0 kHz. Later in the experiments, 2.8
kHz was added to the test frequencies. The intensities of the
tones varied over a 15 d3 range 530-65 dB SPL re: 20 uPa) during
all the training sessions. During the first training sessions,
trials were presented with an average intertrial interval of 60
s. Then trials were presentec for one or more sessions using
intertrial intervals of 45, 30, and finally 20 s. Once this was
accomplished, all subsequent training and testing was performed

* using a 23 s intertrial interval. Once the training criterion
* was obtained, threshold determinations were begun.

o A modified method of limits (Burdlck, et al., 1978; Miller,
* 1970) was used to estimate thresholds. On the first trial of a

threshold measurement, the signal level was set to 40 dB below
the full output (dB) calibration level for the particular test
frequency. An additional randomly set attenuation of up to 10 dB
was added to the initial 40 dB for each frequency. The initial
signals could range from 40-65 dB SPZ. A correct response at
this first presentation level resulted in a further 20 dB
reduction in level for the next trial and so on, until the animal
failed to respond.

On tge trial following a miss, the level of the signal was
increased 10 dB and the threshold was taken as the level half way
between the lowest level that was responded to correctly and the
highest level missed. After threshold values began to stabilize,
which required from 8-10 complete audiograms, a threshold value
was discarded if it differed by 15 dB from the values in Table I
and a second threshold measurement was taken. The threshold
obtained on the second determination always was accepted. A sham
trial always followed the last trial of each threshold
determination. This was done to obtain an estimate of the rate
of spontaneous responding. These trials were identical to the
regular trials except that the synthesizer was set to "zero"
frequency and the shock and buzzer were turned off. There was no
consequence to the animal for spontaneous responses. Shock was
turned off and only the buzzer was used as a secondary reinforcer
when the signal level was within 10 dB of the values in Table 1.

* Auaiograms were taken until the average threshold was within
plus or minus 5 dB of the average of the values in Table 1 on the
five consecutive sessions. Then audiograms were continued until

* the day of exposure. The last five audiograms before exposurve
were averaged across sessions to produce the baseline audiogram
for the particular animal. The baseline audiogram for each
animal was used as a reference for computing the postexposure
threshold shifts. A complete listing of individual animal
preexposure thresholds, group average audiograms, and the total
averaged preexposure audiograms for all 36 animals is presented
in Appendix A.
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Exposure Stimuli: Two types of impulses were synthesized

for use as exposure stimuli. One of these, called the nigh peak

stimulus, is the result of applying a 200-microsecond rectangular

pulse to the exposure circuit described here. The second type of

impulse, the low peak stimulus, was computed using a procedure

described by Patterson and Green 1970). Briefly, a digital

impulse was passed through a bank of digital all-pass filters:
This produced a signal whose amplitude spectrum is the same as

the original impulse, but with an altered phase spectrum and,
consequently, an altered time history. To produce the low-peak

impulses 25 elemental all-pass filters were selected from a set
of 50 possible elemental filters. The selection was made by

generating several hundred of the combinations of 50 filters
chosen 25 at a time and picking the signal with the lowest peak.

TABLE 1

REFERENCE NORMAL AUDIOGRAM FOR THE CHINCHILLA BASED UPON THE
DATA OF MILLER, 1970 AND BURDICK ET AL., 1978

Frequency kHz

0.125 0.250 0.5 1.0 1.4 2.0 2.8 4.0 5.7 8.0 Mean

Reference Level
iB (SPL) 25 10 0 0 0 0 0 0 0 5 4

The exposure stimuli were synthesized on a PDP 11/34
minicomputer* or an SEL Systems 85* and converted to electrical

pulses by a 16 bit digital-to-analogue (D-A) converter. The
output of the D-A converter was low pass filtered at 5.0 kHz by a
Rockland System 8864, 8 pole Bessel filter. Then this signal was
amplified through an Altec amplifier* and converted to acoustic
impulses by an Altec 290D driver.* A 10 cm extension throat with
4.8 cm diameter opening was bolted to the driver. Figures 1 and
2 show the time history and spectrum of the high peak and the low
peax impulse, respectively. These spectra are essentially the
amplitude response of the Altec 290D driver. When these two

impulses are equated for total energy (and energy spectrum),
there is an 3 dB difference in the peak pressures as well as a
difference in when the peak of the impulse occurs.

12
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Before each exposure, the impulses emitted by the high

intensity driver were calibrated. A 1/4-inch condenser
microphone (B&K type 4135*) was positioned with the diaphragm at
grazing incidence in the center of the opening of the extension
throat and I mm outside the throat. All levels and spectra were
measured with this setup, but with no animal present. The
microphone remained in place to record the exposure impulses.

The animal was positioned with the entrance of the ear canal

at the center of the driver extension throat. The animal's pinna

was taped to a flange on the throat which served to stabilize the

positioning of both the ear canal and the pinna. Casual
observation indicated stabilizing the pinna was necessary since
animals would fold the pinna back along the head and possibly

close the ear canal. Figure 3 shows the exposure setup with the

animal in place.

Each exposure consisted of 100 impulses of the same wave
shape (high or low peak) presented at constant intensity

throughout. The impulses were delivered at a rate of one every 3
seconds with timing controlled by the computer. The entire
sequence of impulses was recorded on a Nagra IV-S recorder.*

Experimental Design. A total of 36 animals were used in

these experiments. They were divided into six groups (six
animals per group) and exposed to the impulse conditions
presented in Table 2. Groups 1 and 2 were exposed to impulses
having approximately equal energy, but with peak pressures that
differed by 8 dB (See Appendix E for an outline of the energy
calculation procedure). Similarly, groups 3 and 4 and groups 5

and 6 formed pairs of exposure groups where the energy was
equivalent, but the peak pressures differed by 8 dB. On the
other hand, groups 2 and 3 received exposures where the peak
pressures were equal, but the energy differed by 8 dB. An
attempt was made to match groups 4 and 5 with respect to peak
pressure; however, after gathering preliminary data, it was

apparent that the high peak stimulus produced virtually no effect
at a peak of 131 dB. Therefore, the peak level for group 5 waz
set at 135 dB and group 6 at an equivalent energy level. This
arrangement of two wave types crossed with three ene-rgy ..evels

° fits the analysis of variance model for a two-factor independent
group experiment. In order to analyze all frequencies
simultaneously, audiometric test frequency was added as a third
factor with repeated measures (Winer, 1971).

Recovery Conditions: Complete audiograms were obtained

starting 2 minutes after an exposure (referred to as time t=O)
and at postexposure times of 32, 62, 92, 182 and 362 minutes, 24

and 48 hours, 6, 9, 13, 16, 20, 23, 27, and 30 days after
exposure. Temporary Threshold Shifts (TTS) for each animal were

calculated from each postexposure audiogram by subtracting the
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animal'Is basehine audiogram. The nresnol.- srn*fts for each
animal obtained at 20, 23, 27, and 30 days postexposure were
averaged to produce an estimate of the animal's Permanent
Threshold Shift PTS;. The individual animal's TTS or PTS data
were averaged across all animals constituting a particular group
to obtain the group average TTS or PTS. A complete tabulation of
4naividual animal threshold shift data and averaged group data is
presented in Appendix B.

TABLE 2

IDENTIFICATION OF THE EXPOSURE CONDITIONS
FOR THE SIX EXPERIMENTAL GROUPS

Subject Stimulus Peak Energy per Total Energy
Group Type Pressure Unit Area Per Level of the

(dB SPL) Impulse (J/M2 ) Exposure
(dB re: IJ/M 2 )

1 High Peak 147 .095 9.78

2 Low Peak 139 .097 9.87

3 High Peak 139 .015 1.76

4 Low Peak 131 .015 1.76

5 High Peak 135 .006 -2.22

6 Low Peak 127 .006 -2.22

Histology: At 88 to 90 days postexposure, the animals were
anesthetized with halothane and then decapitated. Following
decapitation, the two auditory bullae were removed and opened
widely. The right stapes was removed and the round window
membrane was slit. A fixation solution consisting of 2.5 percent
glutaraldehyde in 0.1 M PC4 buffer was perfused through the right
cochlea. Typically, the left cochlea was not perfused except for
immersion in fixative since the monauralization procedure
resulted in virtually a complete destruction of the cochlea.
After a variable period of glutaraldehyde fixation the right
cochlea was postfixed in 1 percent osmium tetroxide in 0.1 M P0 4
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Dffer, w1sned in ouffer, and then dehydrated to 70 percent ETOH.
The entire basilar membrane and stria vascularis were piecewise
disse2ted free from their bony attachments and mounted in
glycerin on glass slides for a surface preparation, light
microscopic analysis (Engstrom, Ades, and Anderson, 1966).

inner and outer hair cell populations were determined on a

percentage basis as a function of distance along the cochlear
tuct. zaseline normal sensory cell populations were established
a; octave lengths along the cochlea using a large population

=30; of normal chinchillas (Appendix D). Sensory cell counts
which eventually yielded cochleograms were performed at a
magnification of 500X using a Zeiss-Nomarski light microscope.*

A cell was counted as missing when the cell body was not present.
Alternatively, in animals that have survived more than 30 days
after trauma, the location of missing cells is usually well
markei 5y a characteristic phalangeal scar at the level of the
reticlaar lamina. Cell counts were averaged over 0.2 4 mm lengths
Df tie organ of Corti as measured along a reference line
estaolisned by the junction of the inner and outer pillar cells
it the highest level of the reticular lamina. A frequency-place
nap esnablished by Eldridge et al., (1977) was used to
3uperimpose freqnency cocrdinates on the length coordinate of the
isileogram so that audlometric data could be related directly to
i~ a:vsary cell populations along the length of the cochlea.
!I e agnt microscopis analyses and graphics were accomplished
iLreci-y asing an LSI 11/23 microcomputer system* with the
appropriate morphometric software developed in the histology
Laboratory. A complete presentation, by experimental group, of
V! .iLvilual cochleograms and superimposed PTS audiograms is
presented in Appendix C. Octave band length, percent sensory
Cell 1sses, average percent losses across groups, and total
zensory cell losses for individual animals are presented in
Appendix D.

RESULTS AND DISCUSSION

Preexposure Thresholds: A summary of all preexposure
thresholds (dB SPL) for each animal in this study, as well as
mean thresnolds arranged by exposure groups (1 through 6), and
mean thresholds for the entire group of 36 animals are listed in
Appeniix A. Figure 4 illustrates in graphical form the tabulated
lnresholds (audiograms) taken from Appendix A. The upper curve
represents the audiogram averaged across six animals used in this
stuly, while the lower set of curves shows the mean audiograms
for each of the six exposure groups. The group average
audiograms are presented in order to illustrate the small amount
of variability across the six experimental groups, as well as the
close agreement with the normative data of Miller, 1970.
3!andard deviations for all the preexposure thresholds are
presented in Appendix A.
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Postexposure Threshold Shift: The group average threshold
recovery curves at 1.0, 1.4, 2.0, and 4.0 kHz for all six
experimental groups over a period of 30 days are shown in Figures
5 through 8. The following observations can be made from the
data presented in these four figures: The overall temporal
configuration of the recovery curves is similar. In general,
each of the recovery curves can be broken into two parts; the
early phase O<t<24 hours (t = postexposure time) and a later
phase 1<t<30 days. During the early phase, there is not a
consistent pattern to the recovery function, i.e., threshold
shifts in general, either do not recover or continue to get worse
before an orderly recovery period begins. This phenomena has
been described previously (Luz and Hodge, 1971; Henderson and
Hamernik, 1982) where it has been referred to as a postexposure
growth of TTS. During the later phase there is an orderly
recovery of threshold which follows a time course which is
approximately linear in log-time, until a relatively stable
plateau is reached at around 25-30 days after exposure. The mean
threshold shift at this plateau is defined as PTS. In general,
there is an orderly increase in the amount of TTS across groups
of animals as the energy of the exposure increases.

Traditionally, threshold shift at t=O has been used as an
index of the severity of a noise exposure since for moderate
exposures TTSo is usually the maximum shift observed. However,
in situations where the recovery function follows a complex
biphasic recovery pattern, a more appropriate measure may be the
maximum threshold shift (TTSmax) recorded, regardless of when it
occurs following an exposure. In Figures 9 and 10, the group
mean TTSo and TTSmax audiograms are plotted for each experimental
group. In both figures, we get an appreciation for the orderly
increase in threshold shift across test frequencies for each
group as the energy of the exposure increases. The shift across
frequency for each group is relatively flat, and increases from
approximately 20-30 dB at the lowest level exposure to 80-90 dB
at the highest level exposure. The TTSmax data show a strong
compressive or asymptotic effect once threshold shifts exceed
approximately 70 dB. At these large threshold shifts, the
ability to distinguish between groups on the basis of TTS becomes
more difficult.

The relation between impulse intensity (peak pressure) and
threshold shift (both TTSo and TTSmax) is interesting. Within
groups having approximtely equal energy exposures, there is the
tendency in the mean data for the exposures with higher peak
pressures to produce greater TTSo and TTSmax. However, in
comparing groups with unequal energies, i.e., Group 4, 131 dB low
peak exposure with Group 5, 135 dB high peak exposure, the 131 dB
exposure consistently produces greater mean TTSo and TTXmax.
Such relations between pressure and energy variables hold at the
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higher levels, but the effects appear less pronounced due to the
compressive effect discussed above.

The differences between pairs of exposure groups having
equal energies is less pronounced if one considers the TTS data
at times t>24 hours. During this late phase of recovery (Figures
5-8) groups with equal energy exposures have similar TTS.

In Figures 11-13, the threshold shift data have been
replotted so that TTSo and TTSmax can be directly and more easily
compared between pairs of groups having approximately equal
energy exposures. In each case for any selected group
TTSmax>TTSo, clearly indicating a growth of TTS at nearly all
test frequencies for all exposure conditions.

The threshold shift remaining at 20-30 days postexposure was
used as a measure of PTS. The last four data points on the
recovery functions were averaged for each test frequency to
estimate the PTS for each animal (see Appendix B). Figure 14
illustrates the PTS for each exposure group. Within exposure
groups the PTS is relatively uniformly distributed across
frequency producing a flat audiometric configuration. The PTS
generally is well ordered according to increasing energy of
exposure with the lowest energy level producing on the average
less than 10 dB PTS; moderate energy levels producing on the
order of 20 dB PTS, and the highest energy levels producing
around 40 dB PTS. This increase of PTS with energy level of the
exposure is presented more clearly in Figure 15 where the average
PTS at 1, 2 and 4 kHz CM 1,2,4) is computed and plotted against
energy level of the exposure. In addition to the regular
increase of PTS with energy level, we also notice that within
exposure groups having equal energy, the high peaked waves
produce a greater PTS. To determine if this effect was
significant, these data were subjected to an analysis of variance
(Winer, 1971) with energy level and wave type as the two primary
treatment effects. Test frequency was included as a repeated
measure factor. Table 3 contains a summary of the analysis of
variance. This analysis indicates that not only are energy, test
frequency, and the interaction of these two factors significant,
but that wave type is marginally significant in the production of
PTS.

Histological Correlation: The behaviourly measured hearing
losses reported here are, in general, reflected in the
distribution of sensory cell loss in the cochlea. Cochleograms,
which reflect the spatial (or frequency) distribution of sensory
cell loss, are presented for each animal in Appendix C, along
with that animal's PTS audiogram. A summary of the group
averaged sensory cell losses is shown plotted in Figures 16-18
for all six experimental groups. Each data point in these
figures represents the average number of sensory cells lost in
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the particular experimental group within an octave band length of

the cochlea centered at the indicated frequency (i.e., 0.125,

0.25, 0.5, 1.0, 2.0, 4.0, 8.0, and 16.0 kHz). The octave

band-group average sensory cell loss, in percent, was computed by

averaging sensory cell losses within octave band lengths of the

cochlea for the individual animals that constituted that

particular group, and dividing the loss by the normative sensory

cell populations obtained from normal control animals. A

complete sensory cell tabulation for individual animals, as well

O as group means for experimental and control subjects, is

. presented in Appendix D. Figures 16-18 should be compared to the

mean PTS for individual groups plotted in Figure 14. Several

0 generalizations can be made from the group mean cell loss and PTS
* data.

As in the PTS data, there is an orderly increase in the mean

sensory cell loss, both inner hair cells (IHC) and outer hair
cells (OHC) as the energy level of the exposure increases.

The sensory cell lesion begins to develop in the 1 kHz

region of the cochlea, and with increasing energy levels spreads

systematically towards the base of the cochlea. This effect is

seen in Figure 19 where all the sensory cell losses from each

group are plotted together.

TABLE 3

SUMMARY OF THE ANALYSIS OF VARIANCE ON PERMANENT THRESHOLD SHIFT

TREATMENT F DF P

Wave type 4.26 1/30 <0.05

Energy level 82.87 2/30 <0.001

Wave type by energy 0.08 2/30 >0.1

Test frequency 16.70 8/240 <0.001

Wave type by frequency 0.80 8/240 >0.1

Energy by frequency 3.49 16/240 <0.001

Wave type by energy by 1.36 16/240 >0.1

frequency
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In general, the low peaked waves, for a given energy level

of the exposure, consistently produced less sensory cell loss
than did the high peaked waves. However, the standard deviations
in the sensory cell mean data are large and this effect should be

interpreted with caution.

The sensory cell loss in the Groups 3-6 shows a strong peak

which is gomewhat symmetric arouna the I kHz area; however, the

PTS audiogram is relatively flat showing, for example, about a 20
dB hearing loss between 0.25 and 2 kHz in Group 3.

In order to establish the significance of the above
observations, the inner and outer hair cell loss was subjected to
an analysis of variance with energy level and wave type as the
two primary treatment effects. Table 4 presents a summary of
this analysis which indicates the effects of energy, test
frequency, and the interaction of these two factors show
significant effects in both inner and outer hair cell losses. In
addition, wave type and the interaction between wave type and
frequency and between wavetype, frequency, and energy are not
significant.

A maximum hearing loss of about 40 dB is seen in the group
exposed to the highest energy level (Group 1). This loss is
relatively flat from 0.25 through 8.0 kHz. The mean sensory cell
loss for these animals is very severe with a nearly complete loss
of OHCs in the basal 70 percent of the cochlea, and 50 percent
IHC losses throughout the basal one-half of the cochlea.
Surprisingly, the low peaked Group 2 animals showed a much
reduced loss of IHC compared to Group 1, while the final PTS
audiograms for the two groups were quite similar.

An alternative way of presenting the sensory cell loss is
shown in Figure 20. The total number of IHCs and OHCs that were
missing in the entire cochlea were determined and then converted
into a "dB-level" form, for direct comparison with PTS values.
The data points in Figure 20 were obtained as follows: the total
hair cell losses (either OHC or IHC) were found for each animal
and the mean for the group determined. The average total number
of OHCs and :HCs lost in an experimental group was referenced to
100 and 10 cells respectively and a dB level was computed
according to the following:

IB(OHC) loss = 10 log (OHC loss/100)

dB(IHC) loss = 10 log (IHC loss/1O)

The rdtionale for choosing the 100 OHC and 10 IHC cell reference

was somewhat arbitrary, but -an be justified by noting that a
cochlea with losses of 100 OHCs and 10 IHCs scattered throughout
the lengtn of tne cocnlea could for all practical purposes be
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TABLE 4 SUMMARY OF THE ANALYSIS OF VARIANCE

ON SENSORY CELL LOSES

SUMMARY OF THE ANALYSIS OF VARIANCE FOR INNER HAIR CELL LOSS

TREATMENT F DF P

Wave type 3.26 1/30 <0.10

Energy level 21.58 2/30 <0.001

Wave type by energy 1.87 2/30 >0.1

Test frequency 8.12 7/210 <0.001

Wave type by frequency 1.91 7/210 <0.07

Energy by frequency 2.36 12/210 <0.005

Wave type by energy by 1.67 14/210 <0.07
frequency

SUMMARY OF THE ANALYSIS OF VARIANCE FOR OUTER HAIR CELL LOSS

TREATMENT F DF P

Wave type 0.88 1/30 >0.1

Energy level 111.19 2/30 <0.001

Wave type by energy 1.84 2/30 >0.1

Test frequency 40.41 7/210 <0.001

Wave type by frequency 1.19 7/210 >0.1

Energy by frequency 17.72 14/210 <0.001

Wave type by energy by 0.97 14/210 >0.1
frequency
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considered a normal cochlea. This assumption breaks down if the
sensory cell loss is concentrated in a very narrow region of the
cochlea. However, in that case, the lesions would occupy less
than 0.25mm of the cochlea and by our available psychoacoustic
testing procedures could probably not be detected. When using
these two reference figures to relate sensory cell loss on a dB
scale, an average chinchilla cochlea devoid of all OHCs and IHCs
would have approximately a 20 dB loss in each case.

Some interesting observations can be made from the sensory

* cell data as plotted in Figure 20, the shape of an "eye-fitted"
curve would be relatively similar for both IHCs and OHCs. Both
the IHC- and the OHC-loss functions appear to reach upper and

* lower asymptotes at similar energy levels, e.g., we can estimate
by extrapolation that for 100 impulses presented at a rate of
1/3sec having a total energy of about -6 dB (re 1 JIM 2 ), the IHC
and OHC losses will be negligible and thus the exposure will be
safe. Similarly for an energy of more than 10 dB, the cochleas
will sustain a near complete sensory cell loss.

Figure 21 illustrates the combined PTS 1,2,4 and the dB cell
loss data plotted together. While this is a very "gross" method
of viewing these data, it may have some predictive, or suggestive
value. Consider that, although we are working over a limited
range of parameters, we can estimate the "most likely" extent of
sensory cell loss to be found associated with various levels of
PTS. These data also point out that low levels of PTS, such as
found from the lowest energy level exposure, can be deceptive,
and that significant hair cell losses can in fact be present.

Figures 22 through 28 show surface preparation micrographs
of the organ of Corti from various individual chinchillas in each
of the six exposure conditions. These figures illustrate some of
the features of the noise damaged organ of Corti that were, more
or less, typical of each exposure condition. In general, the two
highest energy exposures produced wide spread massive damage to
the inner and outer sensory cells, supporting Deiter and Hensen
cells, nerve fibers, etc. The remaining four exposure conditions
generally produced more localized, punctate kinds of lesions. In

" all groups, the appearance of the lesioned organ of Corti
* exhibited a similar pattern: An area of severe loss in which the

basilar membrane was devoid of sensory and supporting epithelial
structures. The sensory epithelium was replaced by an irregular

* cuboidal epithelium (i.e., a reepithelization) bordered by
regions of the organ of Corti whose structural elements are
relatively intact and whose sensory cells show varying degrees of
loss apical or basalward of the primary lesion. The following is
a brief description of various features of the impulse noise
induced lesions.

Groups 1 and 2: The massive lesions generated by exposure
to the highest energy levels were similar in appearance and
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FIGURE 21. A comparison between the group mean total number of
inner and outer hair cells lost and the mean PTS

computed at 1, 2, and 4 kHz.
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FIGURE 22. Surface preparation micrographs showing the region
of impulse noise induced damage in the cochlea of
animal G16. (Exposure: 139 dB low peak wave)
Inset: low magnification view of the punctate
lesion (L); arrow indicates a region of relatively
normal organ of Corti.
A,C). Left and right edge of the lesion showing
the abrupt transition from a normal appearing
sensory epithelia to a complete loss of all
epithelial structures on the basilar membrane.

B). Central area of the punctate lesion
illustrating the reepithelialization of the
basilar membrane (S) and the decrease in the
number of myelinated nerve fibers (MNF). 0; 1,2,3
- three rows of OHCs; P - Pillar cells; I - IHCs;
H - Hensen Cells; a- missing OHCs, - missing
pillar cell.

3

43



4 I ~GI 6

44



V

FIGURE 23. A). Surface preparation micrograph from animal H32
(Exposure: 139 dB low peak wave) illustrating
almost complete loss of OHCs (Om-) and extensive
loss of pillar cells (*).
B). Region of nearly complete loss of supporting
cells and sensory cells in animal F24 (Exposure:
139 dB low peak wave) The inset shows a low
magnification view of a large portion of the
lesion. The arrow indicates the area illustrated
in plate B.
C). An area basalward of the region shown in the
inset from animal F24 illustrating an extensive
loss of OHCs. In contrast, most of the IHCs in
this specimen are present although out of focus.
MNF - myelinated nerve fibers; I - IHCs.
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FIGURE 24. Surface preparation micrographs obtained from animal

G20 (Exposure: 147 dB, high peak wave).
A). A focal lesion in the area of the Hensen cells
(arrow), IHCs (I) generally are present, and many
of the OHCs (0) also are present.
B). An edge of the main lesion shown in plates
C and D illustrating the collapse of the Hensen

cells.
C-D). Examples of the most severe type of damage

where all the sensory and supporting elements on
the basilar membrane are replaced by a simple
epithelial layer (S). Note the reduction in
myelinated nerve fibers (MNF). P-pillar cells;

O-OHCs; I-IHCs; H-Hensen cells; S-scar tissue;
wmissing OHC; *-missing pillar cells.
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FIGURE 25. A). Surface preparation micrograph taken from the
region indicated in the inset by the arrow. The
lesion (L) is in the midcochlear region of animal
H2 (Exposure: 131 dB low peak wave).
A). Extensive loss of OHCs (-401) aad the
subsequent union of Dieter cell heads.
B). Same specimen as shown in plate A, except that
the plane of focus has been changed to illustrate
the intact population of IHCs (I).
C). Punctate lesion (L) in the apical portion of
the cochlea of animal F113 (Exposure: 131 dB low
peak wave) s-scar tissue; a-artifact;
MNF-myelinated nerve fiber; P-pillar cells.

4
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FIGURE 26. A, B). Right and left sides of the lesion
illustrated in the inset from animal F2 (Exposure:
131 dB low peak wave). These plates illustrate the
comparatively normal population of sensory cells
up to the very edge of the lesion on the apical
side (plate A) as opposed to the continuing loss
of OHCs (-0O0) on the basal side of the lesion.
C, D). Apical edge of the lesion from animal H2
(Exposure: 131 dB low peak wave). The pair of
plates show the same specimen photographed at two
different focal planes. Arrows indicate swollen
OHCs. IHC (I) population is normal up to the very
edge of the primary lesion at the extreme right of
the micrograph. O;1,2,3-three rows of OHCs;
*-pillar cell loss; L-lesion.
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FIGURE 27. Three examples of the damaged organ of Corti taken
from different areas of the cochlea of animal H16
(Exposure; 139 dB high peak wave). Note the
general absence of OHCs in all three plates.
H-Hensen cells; P-pillar cells; I-IHCs;
MNF-myelinated nerve fibers; *-pillar cell loss;
windicates scar tissue that has replaced damaged
OHC s.
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FIGURE 28. A). Normal appearing region of the cochlea from
animal K68 (Exposure: 135 dB high peak wave) and a
low magnification inset of the apex which shows
relatively little sensory cell damage. Arrow
indicates the area of the sensory cells. Note the
regular appearance of the striations reflecting
the location of the pillar cells and the sensory
cells.
B, C). Micrographs of punctate lesions taken from
the regions indicated in the insets from animals
K103 and K68 (Exposure: 135 dB high peak wave)
respectively, Although the animals are from the
groups having the lowest energy of exposure, the
basic appearance of the lesion is the same as that
described in the previous micrographs.
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differed only, on the average, in the total numbers of sensory
cells lost. The appearance of the damaged sensory epithelia is

shown in Figures 22 through 2 4. The inserts in Figures 22 and 23
show two of the most frequently observed types of primary lesion:
A restricted lesion in which the entire sensory epithelia is
removed from the basilar membrane. There is generally a loss or
reduction in the number of myelinated nerve fibers approaching
the organ of Corti in that area (Figure 22 B) and the surface of
the basilar membrane is covered with an irregular epithelial
tissue which originates from the cells of the inner sulcus and

* from the area of the Claudius cells. Immediately adjacent to the
* lesion the sensory tissues may be relatively normal in appearance

with surprisingly few sensory cells missing (Figures 22 A and C).
* Figures 22 A and C illustrate the edges of the lesion seen in the

low magnification insert. Note the involvement of the Hensen
cells in the formation of the edges of the lesion. The second
and more extensive type of lesion is illustrated in Figure 23
(insert). In this figure, the lesion extends over several
millimeters of the cochlea and there is an extensive loss of IHCs
as well as OHCs'throughlout the area. The lesion is irregular in

appearance because of the intermittent loss of supporting
elements. In those areas devoid of supporting cells, the lesion

appears similar to that previously described in Figure 22. In
areas where there are considerable supporting cells remaining
e.g., Figures 23 A and C, there are very few OHCs remaining and
only the union of Delter cell heads maintains the integrity of

the reticular lamina. Generally, when inner pillar cells remain
undamaged, the IHCs are present. If the lesion involves the
inner pillar cells, as on the extreme right side of Figure 23 B,
the IHCs are missing also. Figure 24 A illustrates an area of
the organ of Corti where there is considerable, but not complete,
OHC loss. However, an unusual lesion can be seen in the region
of the Hensen cells. In this same animal both types of primary
lesions described above can be found.

Groups 3 and 4: In general, the lesions in Groups 3 and 4

tend to be restricted to the midregions of the cochlea, i.e., in
the 0.5 t.o 4.0 kHz areas. The most severe lesions were very
punctate as illustrated in the inserts of Figures 25 and 26. The
edges of the lesion from two different animals are seen in Figure

" 25 (insert). Their appearance, while more restricted, is similar
to the lesions described for Groups 1 and 2. The sensory
epithelium appears quite viable often up to the very edge of the

primary lesion (Figures 26 A and B) in other cases, the sensory
cell loss may spread in either the basal direction only, or in
both the apical and basal directions. The sensory cell loss

never was observed to spread only in the apical direction. This
observation is in agreement with the mean sensory cell data
presented in Figure 19. In some animals such as H16, (Figure 27)

there are very few IHCs missing and there is not a primary focal

lesion in the sense previously defined. In this situation,
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'Figure 27 A) there are complete losses of OHCs and some
supporting elements over several millimeters of the organ of
Corti, and the reticular lamina is maintained by the fusion of
the heads of the Deiter cells.

Groups 5 and 6: Most of the cochleas in these two groups
showed comparatively little sensory cell loss and much of the
organ of Corti (Figure 28) exhibits a uniform appearance typical
of nonnoise exposed animals. At higher magnification (Figure 28
A), the regular arrangement of the OHCs and IHCs can be
visualized easily. In those animals with lesions, e.g., Figures
28 B and C, the lesion appeared basically the same as in any of 6
the preceeding groups, and usually occurred in the 1 to 2 kHz
area of the cochlea.

In summary, there is a consistent pattern to the lesion
produced by the noise impulses used in these experiments. The
lesion begins to make its appearance in the 1 to 2 kHz region of
the cochlea, and can be very punctate in nature involving all the
epithelial cells on the basilar membrane between the inner and
the outer sulcus. Two primary types of lesions differing
primarily in the magnitude or extent of the lesion have been
defined. Associated with these primary lesions there are usually
OHC losses scattered apical or basalward. The Hensen cells are
involved in the formation of the edges of the lesion, and the
focal areas of the lesion are usually covered by cells
originating in the area of the Claudius cells and the cells of
the inner sulcus. IHCs tend to be missing most frequently when
the inner pillar cells have been damaged.

There is a very limited amount of data in the literature to
which the results of this study may be compared. The most
revalent data have recently been published by Roberto, et al.
(1985). They exposed chinchillas to impulse noise having a
spectrum which was fairly broad with a peak around 1 kHz. The
impulse had an overall B-duration of approximately 200 ms. Four
groups of animals were exposed at peak pressure levels of 107,
113, 119, and 125 dB SPL. The repetition rate was kept constant
at 4 impulses/s. To maintain an equal total energy of exposure,
the duration of the exposure was varied from 120 h to 1.87 h.
Thus this experimental design can be used to test the validity of
the equal energy hypothesis over a limited range of parameters
and to obtain a perspective on the role of peak pressure in the
production of acoustic trauma. Roberto, et al. found that when
TTSmax was used as an index of trauma, TTSmax increased with
increasing peak pressure even though the total energy of the
exposure remained constant. However, when the group mean PTS
data and sensory cell losses were used as an index of trauma, the
three lowest peak SPL exposures produced the same effect, i.e.,
approximately the same PTS as well as sensory cell loss. On the
other hand, the 125 dB exposure produced as much as 30-40 dB more
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PTS and much greater sensory cell loss. Thus it would appear
that in this experimental design there is a critical intensity
below which the peak of the impulse is not the primary
determinant of trauma, but above which trauma is very acutely
related to peak pressure.

There are substantial differences in the experimental

paradigms between the Roberto, et al. experiment and that
reported here, and clear generalizations cannot be made.

* However, there are clear indications in both of these experiments
that under some conditions peak pressure can be the primary
determinant of trauma while under another set of exposure
conditions energy has the greatest influence on the amount of
trauma. Until a sufficient number of conditions have been
tested, the respective roles of peak pressure and energy in
producing acoustic trauma cannot be established with any
certainty.

CONCLUSIONS

The threshold shift measured within the first few hours
after exposure showed a systematic variation with both peak
pressure and energy level. The permanent threshold shift
measured 20 to 30 days postexposure, and the loss of sensory
cells showed a strong dependence on energy level with a less
pronounced dependence on peak pressure. These results indicate
that peak pressure is not a sufficient indicator of auditory
hazard; however, energy alone is not a sufficient indicator

either.
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APPENDIX A

Preexposure baseline audiograms for each animal used in
this study. The individual animals are arranged by exposure
groups*.

Two types of summary audiograms are presented:

(a) Mean baseline audiograms for each of the six
exposure groups, and

(b) A single mean audiogram for all the animals
(N-36) used in this study.

The standard deviation ( SD ) for each mean measure is also
presented.

*The exposure groups are identified as follows:

Group 1 - 147 dB peak SPL; 0.095 J/M2, high peak impulse

Group 2 - 139 dB peak SPL; 0.097 J/M2, low peak impulse

Group 3 - 139 dB peak SPL; 0.015 J/M 2, high peak impulse

Group 4 - 131 dB peak SPL; 0.015 J/M2 , low peak impulse

Group 5 - 135 dB peak SPL; 0,006 J/M2, high peak impulse

Group 6 - 127 dB peak SPL; 0.006 J/M2, low peak impulse
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PREEXPOSURE BASELINE AUDIOGRAMS (dB SPL) AND STANDARD DEVIATION (dB)

Group (1) 147 dB peak SPL; 0.095 J/4 2 , high peak impulse

Test Frequency (kHz)

Animal # .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

G5 X 23 8 2 4 2 5 1 5 5 5
SD 6.6 4.3 3.9 2.8 3.9 5.1 3.2 0.7 4.2 4.2

G20 X 25 12 2 3 3 4 1 4 4 4
SD 2.4 5.9 5.0 4.4 7.5 4.4 8.6 7.1 5.4 5.1

G2 X 24 4 3 1 5 6 6 4 2 9

SD 1.6 1.6 4.2 3.5 4.2 4.2 4.7 1.6 5.7 1.6

E138 X 18 9 1 -3 1 8 - 9 9 10
SD 5.8 7.8 0.5 4.8 4.8 0.5 - 2.8 7.2 5.6

Fl X 19 7 0 -2 2 7 - -1 5 8
SD 1.6 4.8 3.5 1.6 3.5 1.6 - 1.6 3.5 4.2

E115 X 25 5 0 -2 3 5 - 0 2 0
SD 4.0 5.4 1.8 6.0 3.2 5.5 - 3.7 2.6 4.4

GM* 22.3 5.8 1.2 0.2 2.7 5.8 - 3.5 4.5 6.0
SD 3.1 2.6 1.2 2.9 1.4 1.5 - 3.6 2.6 3.7

*GN = Group Mean
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PREEXPOSURE BASELINE AIDIOGRAMS (dB SPL) AND STANDARD DEVIATION (dB)

Group (2) 139 dB peak SPL; 0.097 J/M2 , low peak impulse

Test Frequency (kHz)

Animal # .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

E17 X 21 12 6 1 -2 7 - 4 5 4o SD 3.2 4.1 3.5 3.4 2.8 9.2 - 6.1 5.3 4.9

" F12 x 19 9 2 4 4 9 - 8 7 12* SD 6.5 2.3 1.6 4.7 1.6 4.7 - 6.3 5.2 3.5

F24 X 21 10 1 -1 -1 2 - 8 5 9SD 2.8 3.3 0.4 5.8 0.4 5.8 - 2.8 3.3 5.5

F120 X 21 5 4 2 6 5 7 1 5 4
SD 1.6 4.2 1.6 3.5 1.6 4.2 1.6 1.6 1.6 3.1

H32 X 23 11 2 1 -1 0 2 4 3 9SD 4.5 4.8 5.4 5.4 4.0 3.9 6.0 6.4 6.9 3.7

G16 X 26 10 4 5 5 3 2 7 4 6
SD 4.1 3.1 5.9 3.8 1.6 4.1 4.1 2.7 3.7 5.6

GM* 21.8 9.5 3.2 2.0 1.8 4.3 - 5.3 4.8 5.7
SD 2.4 2.4 1.8 2.2 3.5 3.3 - 2.8 1.3 2.9

*GM - Group Mean
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PREEXPOSURE BASELINE AUDIOGRAMS (dB SPL) AND STANOD DEVIATION (dB)

Group (3) 139 dB peak SPL; 0.015 J/M2, high peak impulse

Test Frequency (kHz)

Animal # .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

E109 X 14 13 6 1 2 7 - 10 8 10
SD 3.6 5.2 1.5 5.0 4.5 2.2 - 3.5 4.9 0.4

G30 x 24 7 6 -5 -2 2 0 -1 4 -1
SD 4.6 3.3 3.9 4.9 4.0 3.0 4.3 5.1 8.8 4.0

E144 X 22 12 5 1 1 6 - 12 8 7
SD 1.7 1.3 1.1 1.7 4.4 2.9 - 1.3 1.6 1.3

H16 X 24 11 -3 -3 3 4 1 3 2 4
SD 3.6 0.9 3.1 6.9 4.8 3.1 3.4 7.4 1.5 4.3

Hi X 27 5 5 4 4 3 2 6 8 8
SD 1.6 4.4 4.1 4.2 1.6 2.2 1.6 3.3 4.1 3.6

H42 X 23 4 -5 -4 -5 3 0 0 0 2
SD 4.8 4.1 3.1 4.7 6.1 6.3 4.4 5.2 8.2 1.5

G* 22.3 8.7 1.5 -1.0 0.7 4.2 5.0 3.5 5.0

SD 4.4 3.8 4.6 3.5 3.3 1.9 5.3 3.5 4.1

* - Group Mean
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PREEXPOSUREBASELINE AUDIOGRAMS (dB SPL) AND STANDARD DEVIATION (B)

Group (4) 131 dB peak SPL; 0.015 j/M2,low peak impulse

Test Frequency (kHz)

Animal # .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

D22 X 17 15 3 0 3 5 - 3 7 9
* SD 6.1 4.0 3.3 4.0 3.9 4.7 - 1.9 8.0 1.3

* F113 X 27 9 3 2 3 3 - 3 7 5
o SD 5.2 6.8 4.6 3.4 7.2 5.8 - 5.4 7.2 1.3

F2 X 23 4 4 1 -1 3 - 2 10 7
SD 1.7 3.2 4.0 1.6 3.5 3.1 - 1.5 5.8 1.5

H12 X 28 9 7 -4 -5 2 0 3 4 3
SD 5.9 7.0 7.3 5.1 1.8 4.6 3.7 9.6 5.3 7.5

H2 X 27 8 1 1 2 10 4 5 8 6
SD 1.6 3.2 3.8 3.2 2.7 3.3 4.1 3.4 3.1 3.0

G9 X 21 10 0 -1 0 6 3 2 -4 1
SD 4.9 3.1 2.5 4.2 5.1 1.5 6.2 4.2 4.0 4.2

G* 23.8 9.2 Z.0 -0.2 0.3 4.8 - 3.0 5.3 5.2
SD 4.3 3.5 2.4 2.1 3.1 2.9 - 1.1 5.0 2.9

• - Group mean
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XBASELINE AUDIOGRAMS (dB SPL) AND STANDM DEVIATION (dB)

Group (5) 135 dB peak SPL; 0.006 J2, high peak iquse

Test Frequency (kHz)

Animal # .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

G21 X 26 9 4 1 1 3 3 -2 -1 8
SD 5.0 3.0 4.4 2.3 3.3 6.4 8.2 5.9 3.3 2.3

K68x 2412 3 2 2 2 3 5 4 9
SD 2.9 4.1 2.2 4.7 3.6 3.6 3.6 2.2 2.2 7.5

K103 X 32 8 -5 2 -4 -2 2 -1 4 3
SD 1.4 5.5 6.0 2.7 5.4 5.2 7.6 4.2 6.1 7.2

K108 X 24 12 -5 -2 2 4 4 3 0 1
SD 5.0 3.0 3.3 5.9 3.4 3.8 3.8 3.8 4.7 4.7

K116 X 20 10 5 4 0 2 6 1 2 1
SD 3.2 4.5 3.2 3.2 4.5 3.2 3.2 4.5 3.2 3.2

H184 X 18 10 -3 6 0 4 2 3 2 3
SD 3.0 3.0 2.7 3.6 2.7 4.3 3.2 3.6 4.3 3.6

GM* 24.0 10.2 -0.2 2.2 0.2 2.2 3.0 1.5 1.8 4.2
SD 4.9 1.6 4.7 2.7 2.2 2.2 1.8 2.7 2.0 3.5

*GM Group mean
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E ME BASELINE AUDIOGRAMS (dB SPL) AND STANDARD DEVIATION (d)

Group (6) 127 dE peak SPL; 0.006 j/M2 , low peak idulse

Test Frequency (kHz)

Animal # .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

K62 x 21 11 2 1 3 3 1 2 3 2
SD 3.3 3.6 2.6 3.6 3.0 3.0 3.3 5.4 2.6 3.0

K115 x 29 9 2 5 3 1 5 2 -1 6
SD 7.6 6.4 4.9 6.9 7.6 7.4 7.7 6.9 9.2 5.6

K69 x 18 12 1 2 1 2 2 3 0 3
SD 3.6 2.4 4.7 2.4 2.9 4.3 3.0 3.4 3.0 3.4

K114 x 23 11 4 3 -1 3 1 3 1 3
SD 4.5 3.2 3.2 3.6 5.5 5.2 2.7 2.3 5.5 2.3

K102 x 20 10 -1 0 0 2 0 -3 0 1
SD 2.3 3.0 4.6 5.4 2.3 3.3 5.0 3.0 4.6 4.6

K93 X 24 10 0 2 4 0 2 4 0 6
SD 7.4 5.5 4.9 3.0 3.8 4.3 6.1 4.0 2.6 3.6

GSI* 22.5 10.5 1.3 2.2- 1.7 1.8 1.8 1.8 0.5 3.5
SD 3.8 1.0 1.8 1.7 2.0 1.2 1.7 2.5 1.4 2.1

*GM - Group Mean
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PREEXPOSURE BASELINE AIDIOGRAM (dB SPL) AI STANDARD DEVIATION (dB)

FOR ALL ANIMALS USED IN THIS STUDY

Test Frequency (kaz)

Group Means .125 .25 .5 1.0 1.4 2.0 2.8 4.0 5.7 8.0

1 22.3 5.8 1.2 0.2 2.7 5.8 - 3.5 4.5 6.0

2 21.8 9.5 3.2 2.0 1.8 4.3 - 5.3 4.8 5.7

3 22.3 8.7 1.5 -1.0 0.7 4.2 - 5.0 3.5 5.0

4 23.8 9.2 3.0 -0.2 0.3 4.8 - 3.0 5.3 5.2

5 24.0 10.2 -0.2 2.2 0.2 2.2 3.0 1.5 1.8 4.2

6 22.5 10.5 1.3 2.2 1.7 1.8 1.8 1.8 0.5 3.5

Mean 22.8 9.0 1.7 0.9 1.2 3.9 - 2.5 3.5 4.9

SD 0.9 1.7 1.3 1.4 1.0 1.5 - 1.7 1.8 0.9
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APPENDIX B

Postexposure threshold shifts for each exposure group
(1-6) and for individual animals in each group.

Permanent threshold shift (PTS) is the mean of the
threshold shifts otained on the last four postexposure
days.

Average maximum threshold shift (TS) is calculated by
taking the maximum threshold shift for each animal,
irrespective of when in time it occurred, and averaging
the maximum TS across the animals that constitute the
particular exposure group.

Standard Deviation ( SD ) for all measures are presented
when appropriate.
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Group 1 - Postexposure Threshold Shifts

Animals: 3115R*
FiR
913SR
G2R

G5R

*R refers to the right ear
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GROUP 1

GROUP MEAN POSTEXPOSURE THRESHOLD SHITS (df)

EXPOSURE: High peak 147 dB; 100 Impulses; 0.095 J/M2/impulse

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

58 78 77 76 80 81 69 63 54 0.000
• 57 59 72 70 72 70 60 68 53 0.021

45 60 69 74 76 75 69 66 53 0.042
52 67 80 82 83 75 70 65 55 0.063

* 59 67 82 83 84 81 67 72 55 0.125
58 64 76 81 77 82 69 67 53 0.250
51 63 79 80 76 71 60 68 55 1.000
48 55 71 66 67 66 51 56 50 2.000
39 51 61 55 56 58 48 47 41 6.000
30 48 52 56 55 52 44 42 38 9.000
30 44 44 50 49 51 37 42 34 13.000
25 41 43 49 49 45 41 42 38 16.000
26 36 44 47 50 41 42 38 35 20.000
25 41 46 41 47 43 41 38 38 23.000
24 35 33 42 46 49 37 32 39 27.000
21 34 33 49 43 40 37 40 36 30.000

24 37 39 45 46 43 39 37 37 MEAN GROUP PTS (dB)

8.4 7.0 6.2 2.6 6.6 4.4 3.0 4.9 5.6 SD GROUP PTS (dB)

71 80 89 87 89 88 75 79 64 AVG. MAXIMUM TS (dB)

GROUP STANDARD DEVIATIONS (dB)

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

14.3 12.9 6.0 8.7 11.6 18.7 5.4 14.2 11.3 0.000
14.2 10.6 10.0 6.8 9.0 9.0 11.8 6.9 10.6 0.021

* 7.8 6.9 6.3 9.3 7.2 9.4 10.7 7.8 7.3 0.042
16.7 16.6 21.7 9.8 13.0 13.7 10.6 14.8 11.8 0.063

* 20.9 17.4 19.9 11.3 12.9 11.7 8.2 7.6 6.7 0.125
11.4 18.5 19.7 15.8 16.5 12.4 13.4 11.6 11.5 0.250
18.6 15.2 11.7 8.0 5.6 4.5 13.6 13.8 9.2 1.000

* 14.3 19.9 10.8 14.5 14.6 13.9 9.2 14.7 10.4 2.000
14.1 12.4 8.8 10.0 12.9 10.3 7.1 8.1 15.4 6.000
10.3 6.4 11.0 7.5 10.4 8.1 10.2 15.3 19.2 9.000
9.3 11.3 8.1 10.8 6.9 10.9 4.5 7.0 11.9 13.000
9.3 13.9 7.5 8.4 3.4 6.6 4.3 11.1 7.4 16.000
8.8 7.2 11.0 5.1 11.3 8.1 11.5 3.9 4.4 20.000

10.8 10.4 7.1 5.3 14.4 5.7 2.8 5.6 9.4 23.000
7.6 7.2 11.3 10.9 14.2 5.3 3.9 9.9 7.9 27.000

11.4 9.9 8.0 2.8 8.9 8.2 6.6 8.4 8.8 30.000
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA E115

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

45 60 77 77 71 77 69 40 38 0.000
39 44 80 75 61 80 40 64 64 0.021
36 54 74 57 68 76 55 64 44 0.042
31 63 42 67 68 72 59 48 60 0.063
42 54 46 70 69 65 61 69 51 0.125
37 38 41 51 55 65 66 61 55 0.250
35 56 78 80 84 71 34 53 54 1.000
53 27 61 41 52 54 36 28 64 2.000
28 46 52 48 72 68 53 45 43 6.000
15 41 56 66 65 43 47 58 46 9.000
18 58 45 65 57 56 39 49 33 13.000
19 38 45 52 47 51 46 51 47 16.000
21 35 35 51 63 42 61 38 36 20.000
13 47 47 35 21 46 46 36 31 23.000
23 25 42 40 48 42 35 14 46 27.000
11 30 35 51 29 37 29 26 48 30.000

17 34 39 44 41 42 43 29 40 PTS (dB)

53 63 80 80 84 80 69 69 64 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA Fl

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

68 70 70 59 61 58 68 56 54 0.000
53 60 71 59 71 58 58 66 54 0.021
38 50 71 69 68 68 68 56 54 0.042

* 38 50 80 78 80 58 58 56 54 0.063
28 60 80 68 80 68 58 66 54 0.125
59 61 71 79 71 69 59 57 45 0.250

4 39 51 61 69 71 69 59 57 45 1.000
38 50 60 58 50 48 48 56 34 2.000
28 50 50 48 50 48 48 36 24 6.000
44 46 56 54 46 54 44 42 20 9.000
24 36 46 44 46 44 44 32 30 13.000
13 25 35 53 45 43 43 31 29 16.000
12 24 34 42 44 42 42 40 28 20.000
11 23 33 51 53 41 41 29 27 23.000
10 30 32 50 42 50 40 38 26 27.000
9 21 31 49 41 29 39 37 25 30.000

11 25 33 48 45 41 41 36 27 PTS (dB)

68 70 80 79 80 69 68 66 54 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA E138

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

68 74 74 77 82 64 60 70 46 0.000
51 67 53 71 81 63 58 59 45 0.021
56 69 62 80 80 62 67 68 45 0.042
71 63 93 81 81 73 68 59 35 0.063
84 68 95 88 88 80 68 62 52 0.125
58 74 94 82 82 84 59 70 36 0.250
84 84 94 82 82 74 70 91 69 1.000
68 74 84 82 82 64 60 60 46 2.000
48 44 64 72 62 54 40 50 26 6.000
38 54 34 52 42 44 30 20 16 9.000
38 54 54 52 52 44 30 40 46 13.000
38 44 54 52 52 54 40 60 46 16.000
38 34 64 52 62 44 30 30 36 20.000
28 54 54 42 52 34 40 40 46 23.000
28 44 34 32 22 44 40 30 46 27.000
38 44 44 52 42 44 30 40 36 30.000

33 44 49 44 44 41 35 35 41 PTS (dB)

84 84 95 88 88 84 70 91 69 MAXIMUM TS (d)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA G2

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

59 86 73 81 88 108 69 81 64 0.000
* 64 74 78 76 68 80 74 80 64 0.021

53 63 77 75 87 89 88 79 63 0.042
52 82 76 84 86 88 82 78 62 0.063
71 81 95 93 85 87 81 77 51 0.125
70 90 94 92 64 86 80 76 60 0.250
39 59 73 91 73 65 59 65 49 1.000
28 48 62 70 62 64 48 54 48 2.000
27 37 61 49 51 63 47 53 37 6.000
26 46 50 48 50 62 36 42 36 9.000
32 39 35 44 40 45 36 42 33 13.000
31 38 34 32 48 39 38 39 32 16.000
28 43 45 41 35 41 42 39 39 20.000
37 42 50 42 40 47 41 35 38 23.000
22 39 31 41 43 49 36 35 36 27.000
19 38 32 48 41 48 45 42 32 30.000

27 41 40 43 40 46 41 38 36 PTS (dB)

71 90 95 93 88 108 88 81 64 MAXIMUM TS (dB)

7
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA G20

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

35 79 83 81 85 84 70 59 52 0.000
81 52 78 76 68 71 69 69 37 0.021
46 63 62 80 78 79 66 61 57 0.042
49 52 83 88 76 67 68 60 50 0.063
56 45 78 83 75 93 69 79 56 0.125
56 50 82 90 90 87 57 55 51 0.250
48 48 79 74 76 69 69 65 50 1.000
43 51 78 73 84 83 59 68 56 2.000
40 54 69 64 36 45 41 40 64 6.000
23 45 52 51 63 51 46 31 43 9.000
23 28 33 60 44 46 37 38 14 13.000
18 33 46 52 48 38 43 37 35 16.000
23 36 48 45 43 26 48 41 40 20.000
34 37 48 39 56 41 37 45 36 23.000
27 40 13 60 64 56 38 32 43 27.000
16 27 20 51 52 35 35 39 32 30.000

25 35 32 49 53 39 40 39 38 PTS (dB)

81 79 83 90 90 93 70 79 64 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA G5

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

70 97 85 82 92 94 77 71 69 0.000
55 59 71 66 85 71 58 67 54 0.021
43 59 68 81 77 76 67 65 54 0.042
72 92 106 96 106 95 82 88 69 0.063

WI 72 92 99 94 106 91 63 81 69 0.125
66 71 74 93 99 99 90 85 69 0.250
62 80 89 86 71 78 67 76 64 1.000
57 82 79 73 74 81 56 69 55 2.000
62 73 71 51 63 68 59 58 52 6.000
31 58 67 64 64 61 60 60 69 9.000
42 48 49 36 55 71 38 51 47 13.000
29 66 46 54 54 48 34 36 38 16.000
31 44 40 52 52 50 31 37 34 20.000
28 41 44 40 61 49 40 42 53 23.000
32 33 45 32 54 54 30 44 35 27.000
31 46 38 44 54 50 43 53 46 30.000

31 41 42 42 56 51 36 44 42 PTS (dB)

72 97 106 96 106 99 90 88 69 MAXIMUM TS (dB)
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Group 2 - Postexposure Threshold Shifts

Animals: E17R*
l2R

F24R
P120R
H32R
G16R

*R refers to the right ear
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GROUP 2

GROUP MEAN POSTEXPOSURE THRESHOLD SHIFTS (dB)

EXPOSURE: Low peak 139 dB; 100 Impulses; 0.097 J/M 2/impulse

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (DAYS)

58 63 72 67 76 74 59 59 42 0.000
51 64 67 66 70 70 53 58 41 0.021
50 69 69 74 71 71 58 61 43 0.042
54 70 75 68 73 73 61 62 44 0.063

C 51 60 67 66 74 73 63 65 47 0.125
51 67 75 77 84 80 66 60 47 0.250
67 68 75 72 76 78 63 55 53 1.000
61 70 72 66 70 71 61 51 44 2.000
43 55 49 55 61 61 49 41 36 6.000
38 49 51 55 56 59 46 48 38 9.000
32 43 46 43 44 53 42 38 32 13.000
31 41 45 44 47 51 45 41 29 16.000
27 36 40 37 39 50 36 35 26 20.000
24 37 41 38 40 39 38 37 25 23.000
22 33 37 43 45 43 32 34 29 27.000
20 31 38 38 45 40 28 35 27 30.000

23 34 39 39 42 43 34 35 27 MEAN GROUP PTS (dB)

11.1 8.8 9.5 10.2 12.5 11.2 10.3 9.2 12.0 SD GROUP PTS (dB)

68 77 85 80 86 87 73 70 59 AVG. MAXIMUM TS (dB)

GROUP STANDARD DEVIATIONS (dB)

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

14.1 11.7 12.3 14.6 13.9 13.4 11.5 5.3 7.4 0.000
10.1 15.2 7.5 6.3 5.0 12.2 12.4 13.2 13.3 0.021
13.8 11.2 12.6 6.3 14.1 9.4 8.3 3.7 15.3 0.042

17.0 10.5 9.0 7.3 8.2 7.3 8.0 8.7 12.6 0.063
8.6 9.8 12.2 19.6 10.8 11.1 8.7 11.7 10.1 0.125
14.5 14.0 14.6 10.7 11.7 17.8 10.8 11.4 14.1 0.250
11.3 11.0 14.1 12.6 9.0 17.3 10.0 7.2 10.5 1.000
9.1 11.6 10.1 8.4 12.4 13.3 11.4 15.5 14.2 2.000

16.4 13.4 20.7 16.8 12.8 9.2 9.7 8.6 12.5 6.000
8.6 7.9 13.3 14.1 11.4 11.5 16.3 7.1 9.8 9.000
8.4 8.8 6.4 14.3 14.4 5.4 5.9 14.6 11.5 13.000

15.8 16.6 8.6 8.9 5.8 13.7 2.4 14.0 11.3 16.000
13.8 10.0 8.0 16.7 19.5 12.5 4.9 18.4 18.1 20.000
13.4 9.6 8.7 16.9 19.3 22.1 12.1 13.0 14.4 23.000
10.4 10.4 13.0 8.1 9.6 10.1 15.7 15.7 10.5 27.000
12.2 11.8 15.0 10.7 6.8 10.4 14.0 7.8 8.1 30.000
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA E17

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

36 45 58 45 62 52 45 54 35 0.000
37 40 55 58 67 52 42 35 24 0.021
47 60 45 68 47 57 52 55 14 0.042
25 56 69 56 63 63 56 45 26 0.063
34 41 46 28 57 57 47 45 42 0.125
28 48 50 58 69 51 47 40 25 0.250
66 56 49 53 73 66 73 62 69 1.000
55 56 76 65 67 55 46 26 20 2.000
26 52 8 65 75 52 36 31 49 6.000
23 37 62 48 45 60 36 37 48 9.000
36 33 50 55 51 61 36 54 36 13.000
43 51 49 49 52 54 47 53 33 16.000
20 37 29 43 46 53 29 50 12 20.000
3 26 32 27 32 24 30 11 30 23.000

10 20 23 39 43 31 22 20 27 27.000
3 21 20 48 47 36 8 21 30 30.000

9 26 26 39 42 36 23 26 25 PTS (dB)

66 60 76 68 75 66 73 62 69 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA F12

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

78 68 68 63 88 66 49 54 35 0.000
68 58 68 73 68 66 39 54 50 0.021

- 68 78 78 72 68 66 49 64 50 0.042
78 78 88 72 78 76 59 64 50 0.063
49 69 69 83 79 77 60 75 31 0.125

* 69 69 69 83 99 77 70 65 62 0.250
78 79 79 73 79 77 60 45 51 1.000
78 79 79 63 79 77 60 55 41 2.000
68 79 59 53 59 57 50 55 41 6.000
44 54 64 58 54 52 55 50 36 9.000
44 54 54 48 54 52 45 50 36 13.000
33 53 53 47 53 51 44 49 25 16.000
42 52 52 56 42 50 33 48 24 20.000
41 51 51 45 41 49 42 37 23 23.000
40 40 50 44 50 48 41 46 32 27.000
29 39 49 33 39 57 40 45 31 30.000

38 46 51 45 43 51 39 44 28 PTS (dB)

78 79 88 83 99 77 70 75 62 MAXIMUNTS (dB)

8
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA F24

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

65 63 84 90 94 90 71 64 47 0.000
55 63 74 70 74 80 61 64 47 0.021
45 53 74 80 74 70 61 64 47 0.042
55 63 64 70 64 70 51 64 37 0.063
55 63 74 70 64 70 61 64 47 0.125
65 73 94 90 94 100 61 74 37 0.250
65 63 74 80 84 80 51 64 47 1.000
55 63 74 70 74 80 61 54 47 2.000
55 43 54 70 64 60 41 44 27 6.000
45 43 54 60 54 50 51 44 37 9.000
25 43 44 20 54 50 41 14 27 13.000
55 53 54 50 44 60 41 54 27 16.000
45 33 44 50 54 50 41 44 47 20.000
25 33 34 50 54 50 31 44 37 23.000
25 43 54 50 54 60 41 54 37 27.000
37 47 50 38 44 44 29 36 33 30.000

33 39 45 47 51 51 35 45 38 PTS (dB)

65 73 94 90 94 100 71 74 47 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA F120

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

62 68 62 70 72 76 62 62 54 0.000
51 77 61 69 71 65 51 71 53 0.021
60 76 70 68 80 74 60 60 52 0.042
60 85 69 67 79 73 69 69 51 0.063
58 64 58 76 78 82 68 78 60 0.125
47 73 77 75 77 71 77 57 59 0.250
66 82 76 74 66 70 76 56 58 1.000
65 81 55 63 65 69 75 65 62 2.000
44 60 54 62 44 68 64 44 46 6.000
33 59 43 51 53 57 53 53 45 9.000
34 46 39 48 52 48 39 34 36 13.000
19 36 36 51 50 48 45 34 36 16.000
22 38 42 40 42 46 42 32 34 20.000
21 43 37 33 33 43 43 39 37 23.000
17 42 34 40 38 37 40 34 35 27.000
22 38 32 40 42 36 42 32 34 30.000

21 40 36 38 39 41 42 34 35 PTS (dB)

66 85 77 76 80 82 77 78 62 MAXIMUTS (dB)

5
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA H32

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

54 57 69 64 80 81 73 53 41 0.000
47 84 70 68 77 86 73 69 50 0.021
49 65 79 83 89 85 72 65 39 0.042
53 66 79 77 83 85 72 67 38 0.063
54 60 75 73 84 87 68 60 51 0.125
49 53 79 78 88 91 66 65 46 0.250
79 58 91 88 89 111 55 54 38 1.000
57 81 82 79 87 89 73 66 53 2.000
29 52 65 58 76 76 52 34 39 6.000
45 52 54 77 78 82 64 46 41 9.000
21 49 51 56 32 60 52 43 44 13.000
18 41 44 37 40 66 47 36 43 16.000
24 31 34 21 49 71 39 35 39 20.000
36 42 52 59 67 65 58 47 25 23.000
23 25 39 54 54 44 42 39 36 27.000
17 21 53 50 58 39 35 36 25 30.000

25 29 45 46 57 55 44 39 31 PTS (dB)

79 84 91 88 89 111 73 69 53 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA G16

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

52 79 89 72 59 78 53 64 38 0.000
49 64 73 59 63 73 54 57 25 0.021
28 81 70 72 68 74 53 60 56 0.042
50 70 79 65 72 72 59 65 61 0.063
55 61 77 65 82 66 71 65 54 0.125

" 49 85 80 76 75 90 74 61 52 0.250
48 71 80 62 68 64 63 50 56 1.000
56 59 65 54 51 58 51 39 40 2.000
33 44 55 23 51 54 51 37 16 6.000
40 51 28 35 50 56 18 57 20 9.000
29 32 39 32 20 50 37 32 11 13.000
17 10 33 29 41 26 44 18 10 16.000
9 22 38 13 0 32 34 0 -2 20.000

18 29 40 13 11 3 24 42 -2 23.000
15 25 23 32 30 41 3 12 9 27.000
11 21 21 21 41 26 13 37 12 30.000

13 24 31 20 21 26 19 23 4 PTS (dB)

56 85 89 76 82 90 74 65 61 MAXIMUM TS (dB)

9
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Group 3 - Postexposure Threshold Shifts

Animals: E109R*
G30R
E144R
H16R
HIR
H42R

*R refers to the right ear
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GROUP 3

GROUP MEAN POSTEXPOSURE THRESHOLD SHIFTS (dB)

EXPOSURE: High Peak 139 dB; 100 Impulses; 0.015 J/M 2/impulse

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

47 57 58 53 58 67 43 37 29 0.000
42 60 66 58 63 64 54 58 44 0.021

* 55 61 75 75 68 73 63 60 46 0.042
48 65 73 73 70 75 61 65 50 0.063
49 68 75 68 68 77 65 64 46 0.125
43 57 65 66 64 73 55 56 50 0.250
37 44 57 48 56 57 51 46 31 1.000
26 52 54 45 39 48 39 32 24 2.000
23 36 41 39 49 41 24 31 20 6.000
27 28 35 41 38 39 34 24 22 9.000
12 27 34 33 27 34 21 24 12 13.000
12 27 29 31 29 40 18 24 21 16.000
17 28 26 27 24 35 16 14 14 20.000
13 27 31 21 24 27 17 17 11 23.000
10 26 24 26 29 29 17 21 13 27.000
13 22 27 25 27 25 13 19 16 30.000

13 26 27 25 26 29 16 18 14 MEAN GROUP PTS(dB)

6.0 9.1 8.6 7.0 11.1 13.9 5.2 10.2 13.1 SD GROUP PTS (dB)

62 75 85 80 76 83 69 72 57 AVG. MAXIMUM TS (dB)

GROUP STANDARD DEVIATIONS (dB)

FREQUECY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

9.5 16.1 11.3 21.3 13.7 11.1 10.1 13.9 5.4 0.000
13.3 16.5 16.7 10.2 8.3 14.3 22.4 19.9 19.8 0.021

* 9.0 20.4 17.6 15.7 7.3 18.1 15.4 22.1 19.9 0.042
17.6 21.3 16.1 19.7 13.7 17.9 13.0 19.7 15.9 0.063
14.3 21.3 12.6 17.2 10.3 13.2 12.9 14.5 16.9 0.125
4.8 11.2 10.1 11.6 8.1 3.5 10.1 11.9 13.6 0.250

11.7 7.8 10.3 14.7 14.3 5.8 8.3 15.4 10.5 1.000
16.6 8.6 7.8 10.8 11.7 14.8 20.2 15.3 16.4 2.000
12.5 11.1 8.6 12.6 9.8 13.5 15.6 18.7 15.0 6.000
10.4 9.4 8.3 9.8 10.8 14.4 15.9 9.0 13.4 9.000
10.5 13.0 13.0 16.3 11.2 18.2 12.9 12.8 12.4 13.000
5.9 14.5 9.7 12.7 8.9 19.6 10.5 13.0 16.2 16.000
8.4 15.1 14.7 12.8 14.4 23.9 9.6 12.0 18.4 20.000
9.9 11.5 11.2 10.4 10.8 13.7 5.3 9.4 13.0 23.000
8.1 7.7 20.5 7.2 18.0 15.6 6.3 13.7 12.9 27.000

10.0 7.7 9.9 5.7 9.9 13.4 6.4 15.8 14.7 30.000
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA E109

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

40 31 50 53 55 49 31 32 20 0.000
30 31 40 43 55 39 31 22 10 0.021
40 31 40 53 55 49 41 22 10 0.042
40 32 50 53 55 49 41 31 20 0.063
45 31 63 61 64 64 44 52 17 0.125
43 56 60 63 65 69 51 42 40 0.250
60 52 50 53 45 49 41 23 18 1.000
40 42 40 33 35 29 11 11 0 2.000
40 42 50 43 55 49 11 23 8 6.000
35 36 26 47 42 30 29 25 34 9.000
28 19 19 10 15 3 22 8 7 13.000
18 5 15 24 17 21 24 26 11 16.000
12 19 9 28 21 15 2 8 7 20.000
12 10 19 8 21 5 9 11 6 23.000
12 20 9 18 11 5 9 11 6 27.000
16 13 13 21 14 9 12 14 9 30.000

13 16 13 19 17 9 8 11 7 PTS (dB)

60 56 63 63 65 69 51 52 40 MAXIMUM TS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA G30

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

62 73 56 65 51 64 37 27 28 0.000
48 64 56 71 57 81 72 71 57 0.021
56 57 74 79 70 68 68 58 50 0.042
55 70 68 86 64 72 60 76 64 0.063
46 58 66 86 76 62 76 46 67 0.125
48 55 79 76 69 78 73 62 68 0.250
36 47 41 65 72 62 57 52 30 1.000
29 52 59 57 48 66 40 31 15 2.000
36 35 41 62 61 47 39 47 32 6.000
32 25 49 56 52 60 62 22 30 9.000
19 50 45 54 45 51 40 41 27 13.000
15 43 35 56 39 68 26 43 51 16.000
6 37 49 49 48 61 21 6 41 20.000

16 40 31 35 38 27 23 13 5 23.000
9 27 -4 37 37 44 24 34 18 27.000

17 16 40 26 41 29 19 33 37 30.000

12 30 29 37 41 40 22 22 25 PTS (dB)

62 73 79 86 76 81 76 76 68 MAXIMUM TS (dB)
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INDIVIDUL THRESHOLD SHIT (dB)

CHINCHILLA 144

FRUCY (kHZ)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 3CMY (days)

41 71 41 11 36 75 61 59 31 0.000
60 61 90 50 55 74 80 79 60 0.021
59 79 89 102 74 103 79 67 67 0.042
58 83 78 100 75 101 68 84 58 0.063
51 88 71 71 76 95 71 87 51 0.125
41 51 71 61 66 75 51 59 51 0.250
30 30 60 30 35 54 60 68 35 1.000
19 49 49 49 34 63 59 57 39 2.000
18 38 28 28 33 52 38 56 38 6.000

7 17 27 37 32 51 17 35 37 9.000
6 16 16 26 21 40 16 34 16 13.000

15 25 25 25 20 39 15 33 15 16.000
14 34 24 24 19 48 14 32 26 20.000
23 33 33 23 18 47 13 31 33 23.000
12 32 42 32 57 46 22 40 32 27.000
21 31 31 31 36 45 21 39 31 30.000

17 32 33 27 33 47 17 36 30 M(B)

60 88 90 102 76 103 80 87 67 xMM TS(dB)
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INlMVWRL THIRSHOW SHIFT (dB)

COINCHILIA H16

FREJ34CY (kHZ)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RE ERY (days)

50 65 72 58 69 80 45 35 37 0.000
23 67 68 59 67 61 24 53 34 0.021
67 43 78 72 64 65 46 53 38 0.042
18 47 64 48 56 64 51 62 47 0.063
26 68 98 40 56 85 62 71 41 0.125
47 41 66 48 55 73 44 40 30 0.250
31 42 70 33 63 54 45 44 47 1.000
-4 43 61 52 20 41 17 28 13 2.000
14 15 39 33 53 16 28 27 2 6.000
29 18 32 43 20 23 29 23 7 9.000

7 17 44 48 26 25 1 12 -3 13.000
4 25 36 23 29 59 25 11 22 16.000

29 1 19 15 15 57 9 4 -7 20.000
-5 16 25 10 14 21 18 27 8 23.000
-4 13 20 21 16 18 10 10 6 27.000
-5 20 18 34 24 29 9 -5 0 30.000

4 13 21 20 17 31 11 9 2 PTS (dB)

67 68 98 72 69 85 62 71 47 I cIIIS (dB)
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INDlVIDAL TflfaSHOD SHIFT (dB)

CHICILLA Hl

rRWY (kMz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 3CVERY (days)

38 51 66 66 73 72 46 47 31 0.000
47 80 72 61 72 65 63 60 61 0.021
57 74 84 73 69 74 68 65 58 0.042
69 86 83 77 87 78 69 59 60 0.063
70 87 70 64 57 70 58 62 44 0.125
35 63 66 71 55 75 5e 66 53 0.250
28 41 56 46 53 56 44 38 36 1.000
39 58 58 47 48 53 48 28 36 2.000
19 48 35 39 42 37 29 28 31 6.000
27 36 38 32 42 41 41 29 20 9.000
-2 31 35 36 35 51 25 21 25 13.000
15 43 22 26 37 33 22 24 20 16.000
19 40 38 32 34 23 25 26 22 20.000
12 32 24 27 37 30 22 12 20 23.000
12 31 24 26 37 31 20 21 21 27.000
7 31 32 21 27 26 13 15 16 30.000

13 34 30 27 34 27 20 19 20 P'S(ON

70 87 84 77 87 78 69 66 61 MRXImm (dB)

9

94



INDIVIDURL THRESHOLD SHIFT (dB)

CHINCHILLA H42

FRQECY(kiH)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 REOM ¥Y (days)

53 49 64 64 67 62 40 21 30 0.000
43 54 67 64 73 63 54 60 45 0.021
53 80 81 72 75 82 74 72 53 0.042
46 73 96 73 83 86 77 80 53 0.063
53 73 78 85 79 84 79 67 56 0.12545 74 49 79 76 70 53 65 59 0.250

* 38 48 64 62 70 65 58 53 21 1.000
34 64 55 30 Sl 38 S7 39 39 2.0008 35 50 30 48 48 0 3 12 6.000

33 37 35 30 39 2 261 68 2 19.00013 28 44 25 18 36 21 262 13.000

4 22 41 32 35 21 -1 9 5 16.000
23 37 17 15 8 4 27 8 -2 20.000
21 32 51 22 15 31 19 8 -4 23.000
21 32 51 22 15 31 19 8 -4 27.000
21 18 25 20 21 11 4 15 6 30.000

22 30 36 20 14 19 17 10 -1 PTS (dB)

53 80 96 85 83 86 79 80 59 MII IS (dB)
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Group 4 - Postexposure 7hreshold Shifts

Animals: D22R*
1113R

3123
323

*a refers to the right ear
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GROUP 4

GROUP rmEA POTPO6URE THRESHOLD SHIMT (dB)

?.SURE: Low Peak 131 dB; 100 lIpulses; 0.015 J/A2/i nplse

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RIM)ERY (days)

35 40 47 51 60 48 39 43 25 0.000
, 41 49 45 51 51 60 45 45 32 0.021

40 56 45 54 64 61 50 41 37 0.042
38 50 55 60 61 60 50 45 36 0.063
39 54 59 63 68 68 52 49 39 0.125
36 57 64 64 64 63 44 47 42 0.250
36 38 44 52 59 49 34 31 20 1.000
31 39 41 42 42 38 19 24 20 2.000
24 36 32 36 41 32 22 18 15 6.000
18 30 30 30 36 27 17 21 11 9.000
15 19 22 32 25 25 19 17 14 13.000
8 21 27 32 27 15 17 9 17 16.000
9 19 22 21 19 15 20 10 12 20.000

13 20 19 17 19 17 16 10 13 23.000
10 20 25 23 18 12 16 9 12 27.000
8 18 18 22 19 12 18 16 10 30.000

10 19 21 21 19 14 18 12 12 EAN GO PTS (dB)

9.5 9.0 10.7 7.3 12.0 12.5 13.3 1.4 5.6 SD GROUP P'S (dMn)

50 66 69 68 75 72 64 57 46 AVG. MFXIN TS (dB)

GROUP STANDARD DEVIIONS (cM)

FRECY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOUY (days)

16.9 20.3 18.3 13.1 21.9 24.6 20.6 13.4 15.6 0.000
15.9 22.7 19.4 16.5 21.0 24.5 20.2 16.0 12.0 0.021
19.2 20.6 23.7 14.2 25.3 26.6 24.6 24.6 18.5 0.042
22.3 29.1 23.2 23.2 32.5 30.5 29.2 25.4 21.1 0.063

* 21.3 19.3 26.5 20.6 15.4 19.0 21.8 20.1 16.0 0.125
12.7 8.5 14.8 19.0 13.2 31.3 16.5 11.6 12.0 0.250
12.6 17.1 19.3 17.2 15.2 21.5 26.6 19.5 14.3 1.000
12.9 12.4 10.8 9.2 14.2 11.4 14.9 16.4 11.4 2.000
12.7 19.5 15.8 11.9 21.4 21.0 8.0 11.0 9.4 6.000
16.7 15.8 14.2 16.1 11.7 14.0 9.1 14.8 10.4 9.000
15.5 11.8 18.8 15.4 10.3 21.0 11.0 7.1 7.4 13.000
12.1 15.9 14.1 22.0 14.6 16.7 9.0 3.0 8.2 16.000
7.0 11.5 11.3 11.7 14.3 11.1 20.3 6.5 5.3 20.000

11.7 7.7 10.8 5.2 11.1 16.0 16.9 3.6 7.7 23.000
14.8 7.8 9.4 6.3 13.4 15.6 10.1 5.0 9.7 27.000
8.6 10.6 15.7 9.2 13.9 11.1 12.0 6.3 7.4 30.000
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INDIVI AL THRESHOLD SHIFT (dB)

COlHWCIUA D22

FROMMM (kM.)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RKVMY (days)

47 49 53 54 54 41 28 23 21 0.00057 59 53 44 44 51 38 33 11 0.021
57 49 53 54 54 51 48 23 21 0.042
57 60 73 74 64 71 7 32 21 0.02
37 60 53 54 54 51 28 22 29 0.023
57 60 63 64 54 61 38 32 31 0.250
54 60 61 54 54 57 12 10 a 1.000
47 50 53 54 44 41 17 2 11 2.000
43 41 43 44 44 41 19 15 0 6.000
31 42 38 47 40 41 24 24 13 9.000
45 37 52 51 24 65 29 19 18 13.000
25 33 38 35 36 33 21 7 12 16.000
19 17 32 19 20 7 9 9 8 20.000
29 18 22 19 10 7 6 12 7 23.000
29 18 32 19 0 7 6 2 -3 27.000
23 21 46 22 23 11 9 15 10 30.000

25 19 33 20 13 8 8 10 6 mTS(dB)

57 60 73 74 64 71 48 33 31 NRXDM TS(dB)
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INDIVI.DUAL THESHOLD SHIFT (dB)

CHINIILLA F113

FREQUENCY (k~z)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOERY (days)

32 51 55 44 60 42 38 47 45 0.000
31 59 55 46 54 53 49 49 42 0.021
30 56 37 51 60 65 51 37 41 0.042
33 59 40 58 64 64 49 48 35 0.063
57 71 90 54 71 64 44 52 40 0.125
39 68 71 66 68 65 46 56 39 0.250
26 51 36 66 64 69 59 45 31 1.000
33 52 54 35 20 47 45 50 39 2.000
27 45 46 37 47 40 33 31 19 6.000
29 38 46 44 43 23 29 33 29 9.000
12 21 32 47 30 24 26 27 19 13.000

1 16 29 38 18 3 24 5 15 16.000
7 24 30 35 13 17 54 18 10 20.000
9 22 32 19 11 16 48 10 9 23.000

-7 21 34 18 10 3 19 14 19 27.000
9 17 19 28 8 11 32 13 2 30.000

5 21 29 25 11 12 39 14 10 PTS (dB)

57 71 90 66 71 69 59 56 45 MXI" TS (dB)

q
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILIA F2

WENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

50 59 52 51 69 68 51 57 22 0.000
59 68 61 60 68 97 60 66 41 0.021
68 77 70 59 97 96 69 75 68 0.042
74 76 89 88 106 105 96 80 68 0.063
50 70 72 81 89 98 81 67 62 0.125
39 48 81 90 78 97 60 36 61 0.250
40 39 52 61 69 58 61 37 32 1.000
29 38 41 50 48 47 20 16 21 2.000
28 37 40 49 67 56 19 15 20 6.000
27 36 39 28 36 35 18 14 9 9.000

6 25 18 27 35 24 17 13 18 13.000
5 24 27 26 34 23 26 12 17 16.000

14 33 26 15 33 22 25 11 16 20.000
13 32 25 14 32 46 14 10 25 23.000
12 31 34 23 31 40 33 9 24 27.000
11 30 23 22 30 29 32 18 23 30.000

13 31 27 19 32 34 26 12 22 PTS (dB)

74 77 89 90 106 105 96 80 68 MAXI.T S (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA H12

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

43 43 58 53 88 70 65 52 32 0.000
* 45 62 44 59 64 66 48 43 36 0.021

26 67 52 59 73 69 58 34 35 0.042
32 50 69 68 73 65 45 53 24 0.063
22 42 58 65 62 68 48 65 40 0.125
28 61 70 60 69 77 16 45 28 0.250
37 12 64 61 80 61 27 37 1 1.000
40 46 35 45 57 39 18 30 27 2.000
24 60 35 39 53 45 22 25 19 6.000
26 41 30 21 45 38 18 42 9 9.000
5 18 24 24 29 17 25 10 15 13.000

22 41 45 64 37 32 6 6 33 16.000
3 15 23 18 23 25 20 -2 20 20.000
1 19 20 17 30 20 11 12 18 23.000
-1 23 22 24 21 12 16- 7 4 27.000
2 21 8 27 31 8 6 28 4 30.000

1 20 18 22 26 16 13 12 12 PTS (dlB)

45 67 70 68 88 77 65 65 40 MiXIIm TS (dB)

1
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INDIVIDUL THRESHOLD SHIFT (dB)

CHINCHILLA H2

FREOJDICY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECMERY (days)

36 35 55 71 66 61 48 49 32 0.000
33 37 49 71 63 72 64 57 38 0.021
38 68 57 73 79 68 72 64 43 0.042
46 61 54 74 64 67 67 58 53 0.063
42 61 50 78 80 71 71 62 49 0.125
33 46 58 72 73 73 61 62 50 0.250
40 36 38 51 50 42 48 53 35 1.000
10 27 31 38 54 36 12 30 15 2.000
15 31 20 32 34 5 27 23 25 6.000
-4 21 21 35 38 19 10 7 6 9.000
17 8 8 31 29 14 17 22 16 13.000
-4 15 15 31 36 1 18 9 12 16.000
1 27 17 35 33 23 21 11 10 20.000
0 18 12 25 25 15 15 14 16 23.000
0 18 16 34 34 17 17 8 15 27.000
1 18 7 30 28 17 20 12 12 30.000

1 20 13 31 30 18 19 11 13 PTS (dB)

46 68 58 78 80 73 72 64 53 MAXIMUMJMTS (dB)
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA G9

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

4 2 10 31 22 4 6 30 -2 0.000
19 8 7 24 12 23 8 22 24 0.021
19 19 2 30 23 15 4 10 15 0.042
6 -7 22 20 6 10 13 10 8 0.063
5 21 13 26 45 38 19 18 20 0.125

20 57 38 32 43 4 44 49 42 0.250
18 27 12 19 37 9 -4 5 11 1.000
25 23 29 30 31 16 0 5 8 2.000
6 2 5 15 4 7 10 0 6 6.000
-3 2 7 4 13 4 4 6 -3 9.000
5 5 -2 10 6 5 -1 10 -1 13.000
1 -4 7 -4 1 -5 5 13 14 16.000
7 0 1 6 -5 -4 -7 13 6 20.000

23 8 1 10 7 -2 0 4 4 23.000
25 7 13 17 10 -6 5 16 14 27.000

2 -2 3 5 -3 -5 8 12 7 30.000

14 3 5 9 2 -4 2 11 8 PTS (dB)

25 57 38 32 45 38 44 49 42 MAXIMUM TS (dB)

W
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K1M
lm

4goft" to d tob e1 at



on" 5
-iU I 1nwBCIm H/IID u1nrs (di)

ate: nigh peek 13S dOs 100 ZUpulms 0.006 JM2/lqiueM

V W(ku)

.12S0 .2500 .SO0 1.00 1.40 2.00 2.80 4.00 S.70 8.00 W (dys)

IS 23 26 34 44 33 30 26 23 19 0.000
18 20 24 32 N 3S 8 31 26 26 0.021
18 20 3 33 33 3S 30 29 23 33 0.042
14 2026 2531 325 31 32 21 0.063
16 27 24 2S 28 31 26 21 26 21 0.12S

• 17 2623 27 4 2726 22 25 19 0.2m
17 24 25 26 24 30 29 22 IS 19 1.000
11 12 21 19 17 19 12 20 6 1.2 2.000

7 S 22 If 15 16 15 17 11 6 6.000
4 6 6 16 9 13 14 10 10 7 9.000
5 12 13 7 9 12 9 10 7 9 13.000
5 S 12 3 8 7 8 7 4 4 16.000
3 6 1.1 9 12 7 7 3 3 4 20.000
4 4 10 6 7 10 10 8 9 2 23.000
0 4 6 9 7 12 5 3 7 27.000
1 1 10 10 1 6 3 7 4 6 30.000

2 4 10 a 6 1 6 6 . 15.N (6.l

5.0 4.6 10.1 9.S 9.6 10.5 10.5 6.1 5.5 4.1 (D 6.0)

29 3 41 439 474S44 42 39 D. 1 U (d)

.120 .2W .400 1.00 1.40 2.00 2.0 4.00 S.70 6.00 0do)

10.7 13.6 18.4 14.1 13.4 19.6 16.9 14.6 17.3 12.3 0.000
9.4 13.2 11.5 15.7 16.4 18.4 14.9 13.3 17.4 6.1 0Cal

18.1 19.421.4 20.1 20.4 17.3 1S6 13.0 1S.9 13.4 0.042
9.3 1552. 20.9 16.3 16.1 17.3 17.0 16.6 17.8 0.063

2.0 14.5 22.5 19.2 24.0 1624.3 16.7 14.7 U.7 0.125
15.9 36.3 27.3 23.1 20.6 25.7 23.1 20.9 24.5 20.9 0.21
11.3 20.3 19.1 23.9 2. 30.4 16.2 2.6 15.9 17.6 L1.0
9.1 13.7 20.5 17.4 9.7 21.4 11.3 19.0 11. 10.1 2.=0
4.5 4.3 14.7 19.2 15.5 13.9 11.3 16.9 14.4 7.5 6.000
7.9 10.1 13.2 16.0 12.4 13.7 16.2 14.3 14.3 12.9 9.000
6.0 15.4 20.0 15.3 11.0 14.7 19.5 11.2 8.4 21.6 13.000
3.0 6.9 13.8 7.1 11.7 11.3 9.0 6.6 6.1 7.6 16.00
7.6 14.6 17.0 11.9 17.7 16.2 13.6 S.3 1.6 U1.6 20.000
7.7 9.2 6.6 11.6 9.3 14.9 13.6 9. 14.1 4.4 23.0
3.2 4.3 7.4 13.5 9.6 9.1 17.3 7.2 3.1 7.9 27.000
4.9 6.2 11.8 9.9 6.7 6.7 6.2 6.5 7.7 6.5 30.000
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ZMVIRUL 0MW wirr (a)

CHUI 56IA6

nsonW (kkt)

.1250 .2500 .500 1.00 1.40 2.00 2.60 4.00 5.70 8.00 ino tV (days)

0 4 6 24 52 42 41 46 16 24 0.000
16 22 26 42 50 50 39 46 46 32 0.021
6 10 14 50 56 36 37 24 24 30 0.042
4 28 22 16 46 46 35 22 32 16 0.063

12 36 30 26 44 44 23 20 30 16 0.125
9 23 17 23 31 21 30 27 17 13 0.250

17 31 2S 31 29 39 36 35 25 31 1.000
15 9 23 29 27 17 16 43 23 19 2.000
3 7 11 17 25 25 14 11 11 -3 6.000
1 -5 -1 15 13 13 12 -1 -1 -5 9.000

-1 3 7 13 1 11 0 7 -3 -7 13.000
S -1 3 -1 -3 17 6 3 3 -1 16.000
3 -3 1 7 15 -5 4 1 1 -3 20.000

-2 2 6 2 0 0 -1 -4 -4 2 23.000
-4 0 4 0 -2 -2 7 -6 4 0 27.000

0 . -2 4 2 2 1 -2 -2 4 30.000

-1 1 2 3 4 -1 3 -3 0 1 (D)

is 36 30 so so so 41 46 46 32 MUM U (do)

106



IDIV'RL TIEHoW SHIFT (O)

cHINCHILA K116

I mF3u (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 REGCKVAW (days)

8 10 10 16 18 6 12 16 14 16 0.000
16 8 8 14 16 14 10 14 12 24 0.021

*14 16 16 12 14 12 18 22 20 22 0.042
12 4 4 0 12 10 6 10 8 10 0.063
0 2 2 -2 0 8 -6 8 16 8 0.125
8 0 -10 6 -2 6 -8 6 4 -4 0.250

*6 -2 -2 -6 6 -6 0 4 2 4 1.000
4 6 -4 -8 4 2 -2 -8 0 2 2.000

12 4 5 0 -8 0 -4 0 -2 9 6.000
0 2 2 -2 -10 -2 -6 -2 -4 8 9.000
8 0 -10 -14 -2 6 2 6 4 6 13.000
6 -2 -2 -6 6 -6 0 4 2 4 16.000
6 -2 -2 -6 -4 -6 -10 4 2 4 20.000
4 6 -4 -8 4 2 -2 2 0 2 23.000
2 4 4 0 2 0 -4 0 -2 0 27.000
0 -8 2 -2 0 -2 -6 8 -4 8 30.000

3 0 0 -4 1 -2 -6 4 -1 4 o(do)

16 16 16 16 18 14 18 22 20 24 ,azM TS (dB)

100
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I!IVINML THRESHOLD SHIFT (dB)

CHINCHILLA 103

FRECY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVRY (days)

17 33 41 39 43 41 7 9 3 15 0.000
16 32 30 28 22 40 16 38 12 34 0.021

5 21 43 37 31 29 15 17 1 23 0.042
14 10 44 36 40 48 24 16 20 22 0.063 t

3 29 17 25 39 37 23 5 19 31 0.125 8
12 58 46 44 18 46 42 44 48 40 0.250
31 37 55 63 57 75 61 53 37 49 1.000
10 36 54 32 26 54 30 32 16 28 2.000
9 15 43 52 35 23 29 41 35 17 6.000

18 24 32 50 24 32 48 30 24 26 9.000
8 34 42 30 24 32 48 20 14 16 13.000

11 17 35 3 27 5 21 23 17 19 16.000
-11 35 43 31 45 33 29 11 5 27 20.000

-2 -6 22 0 24 12 28 20 4 -4 23.000
-3 3 11 29 23 21 17 9 3 5 27.000
-4 8 30 18 12 20 5 8 12 4 30.000

-5 10 26 19 26 22 20 12 6 8 PTS (dB)

31 58 55 63 57 75 61 53 48 49 MMZMDI TS (dB)

4
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INDIVIXA THRESHOLD SHIFT (dB)

CHINCHILLA H184

FREQUENCY (klz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

26 26 44 40 44 40 42 30 38 30 0.000
14 14 22 38 53 38 40 38 36 28 0.021
12 2 20 26 33 26 18 26 34 26 0.042
10 10 18 24 28 34 26 34 36 24 0.063

8 8 16 22 16 12 24 12 10 12 0.125
-5 5 3 9 13 -1 11 -1 -3 9 0.250

*3 3 13 7 1 -3 9 -3 -5 7 1.000
-1 -1 7 3 7 -7 5 3 -9 3 2.000

5 5 13 -1 3 -1 11 -1 -3 -1 6.000
0 0 8 4 8 1 6 4 2 4 9.000
4 4 2 -2 12 -2 0 -2 6 -2 13.000
4 4 12 -2 2 -2 10 -2 -4 -2 16.000
2 2 0 6 0 -4 -2 -4 4 -4 20.000
1 1 9 5 -1 -5 -3 5 3 5 23.000

-1 -1 7 3 -3 3 5 3 1 3 27.000
-3 -3 5 1 5 1 3 1 -1 1 30.000

-1 -1 5 3 0 -2 0 1 2 1 PTS (dC)

26 26 44 40 53 40 42 38 38 30 MIXINI TS (dB)

4
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA K108

FREUECY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

28 40 44 56 50 58 48 38 50 30 0.000
36 40 42 54 48 56 46 36 48 38 0.021
54 58 70 62 56 64 54 54 46 56 0.042
32 46 68 60 54 62 52 52 64 54 0.063
60 74 66 58 62 60 70 50 52 42 0.125
48 62 64 66 60 68 58 48 60 50 0.250
17 51 33 35 19 37 57 37 9 9 1.000
17 21 33 35 19 27 17 27 9 9 2.000
13 7 29 21 15 33 23 23 5 5 6.000
7 11 13 15 19 27 17 27 9 19 9.000

17 31 33 15 19 27 -3 27 19 49 13.000
4 8 20 12 16 24 14 4 -4 6 16.000

11 15 17 9 13 21 11 1 3 3 20.000
19 3 15 27 11 19 22 9 11 1 23.000
5 9 21 23 7 15 45 15 7 17 27.000
3 7 19 21 15 13 3 23 15 15 30.000

9 8 18 20 11 17 20 12 9 9 PTS (dB)

60 74 70 66 62 68 70 54 64 56 MAXIM 3TS (dB)

1

110



INDI MIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA K21

Y(kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

10 27 9 27 55 13 33 18 15 -3 0.000
8 7 17 15 13 11 19 15 13 15 0.021

16 15 25 13 9 39 39 33 11 43 0.042
14 23 13 11 9 27 7 51 31 1 0.063
12 11 11 19 7 25 25 29 27 19 0.125
20 19 19 17 25 25 23 7 25 7 0.250
28 27 27 25 33 38 11 5 23 15 1.000
24 3 13 21 19 24 7 21 9 11 2.000
3 12 32 20 18 16 16 30 18 10 6.000
-4 5 -5 13 1 9 9 3 31 -7 9.000
-6 3 3 1 -1 -3 7 1 -1 -9 13.000
3 2 2 10 -2 6 -4 10 8 0 16.000

10 -1 9 7 5 3 13 7 5 -3 20.000
2 21 11 9 7 35 15 19 37 9 23.000
0 9 -1 -3 5 3 3 7 5 17 27.000

10 -1 9 17 15 13 13 7 5 17 30.000

5 7 7 8 8 14 11 10 13 10 PTS (dB)

28 27 32 27 55 39 39 51 37 43 MAXIMIM TS (dB)

n
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Group 6 - Postexposure Threshold Shifts

Animials: K62R*
K115R
K69R
K114R
K102R
K93R

*R refers to the right ear

40
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GROUP 6

GROUP MEAN POSTEXPOSURE THRESHOLD SHIFTS (dB)

EXPOSURE: Low peak 127 dB; 100 Impulses; 0.006 J/4 2/impulse

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

2 4 10 7 11 11 17 7 10 8 0.000
10 12 8 9 6 16 12 7 10 12 0.021
5 9 8 4 14 20 17 13 15 18 0.042
8 6 11 7 9 20 20 15 16 13 0.063
6 4 11 14 10 15 15 14 10 19 0.125
8 7 6 9 7 10 15 13 15 13 0.250

10 11 15 8 8 18 6 8 9 2 1.000
3 7 11 14 4 9 14 5 15 8 2.000
3 9 10 6 11 9 12 3 15 12 6.000
4 3 2 7 6 6 5 4 7 10 9.000
3 3 1 3 7 7 3 7 6 4 13.000
1 0 6 3 3 3 5 4 3 4 16.000
-1 -2 1 3 2 2 2 13 3 4 20.000
1 0 1 2 3 3 0 2 3 2 23.000
4 -1 0 -1 4 6 1 5 4 1 27.000
3 2 1 2 4 7 2 0 1 0 30.000

2 0 1 2 3 4 1 5 3 2 MEAN GROUP PTS (dB)

4.4 2.6 4.7 6.5 2.4 5.1 1.5 6.1 2.2 1 SD GROUP PTS (dB)

18 25 23 23 20 35 36 29 32 31 AVG. MXIMUM TS (dB)

GROUP STANDARD DEVIATIONS (dB)

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

2.7 1.3 6.2 9.6 10.0 10.9 11.9 8.0 15.9 10.2 0.000
4.2 6.7 4.0 6.9 8.1 15.5 7.6 8.7 10.2. 12.7 0.021
4.2 7.5 7.8 3.8 10.2 14.8 12.3 7.0 8.5 15.7 0.042

* 6.3 12.4 9.2 7.6 5.9 4.9 13.6 13.7 10.7 8.8 0.063
* 2.8 6.6 6.9 12.4 11.9 15.5 10.5 5.2 12.8 15.1 0.125

3.7 7.0 4.5 4.9 6.0 6.8 4.8 6.2 12.5 9.9 0.250
3 12.2 14.1 18.3 11.8 7.7 19.2 11.6 9.8 9.0 8.2 1.000

- 11.4 21.8 16.7 15.4 5.8 17.3 16.7 12.8 9.5 9.7 2.000
6.4 18.8 18.0 14.8 6.6 12.6 17.8 8.2 14.0 18.5 6.000
4.9 5.6 7.3 16.5 8.9 4.5 10.1 6.9 13.5 11.1 9.000
4.6 7.0 2.9 6.0 7.4 7.0 5.2 5.0 8.3 3.0 13.000
6.1 4.3 9.0 8.6 5.0 3.9 5.3 6.4 5.8 3.2 16.000
7.1 3.7 4.6 6.5 4.1 6.0 3.4 22.1 4.6 5.5 20.000
5.0 2.4 3.9 6.6 7.4 5.7 4.5 6.5 2.8 7.6 23.000
6.0 4.1 8.6 7.2 3.6 4.4 3.3 4.9 4.9 8.1 27.000
8.3 5.9 7.3 9.0 3.0 9.9 3.3 4.5 3.6 4.4 30.000
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA K62

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

3 5 9 5 11 21 13 11 9 11 0.000
12 14 8 4 0 10 22 20 8 10 0.021
10 22 6 2 18 48 20 18 26 48 0.042
18 30 14 0 6 26 28 6 34 26 0.063
6 -2 12 -2 4 44 36 14 32 44 0.125
9 1 5 1 7 7 19 17 5 7 0.250
1 3 7 -7 -1 9 1 -1 17 -1 1.000

-1 1 -5 1 7 -3 9 -3 15 7 2.000
7 -1 3 -11 5 5 -3 5 3 -5 6.000
5 -3 1 -13 3 13 -5 3 -9 3 9.000
2 4 -2 -6 0 0 2 0 -2 0 13.000
2 4 -2 -6 0 0 2 0 -2 0 16.000
0 2 -4 -8 -2 -2 0 8 -4 -2 20.000
8 0 4 -10 -4 -4 -2 6 4 6 23.000
6 -2 2 -12 4 4 6 4 2 4 27.000
3 5 -1 -15 1 1 3 1 -1 1 30.000

4 1 0 -12 -1 -1 1 4 0 2 PTS (dB)

18 30 14 5 18 48 36 20 34 48 MAXIMUM TS (dB)

1
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA K115

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

1 3 5 -3 -3 -1 5 7 -1 3 0.000
1 10 22 14 6 -4 38 14 6 8 12 0.021
9 11 13 5 5 17 33 5 7 11 0.042
8 9 2 4 4 26 12 24 16 10 0.063
7 -1 11 3 -7 15 11 13 5 9 0.125
6 18 10 12 12 14 10 22 34 28 0.250

15 27 49 1 11 53 -1 11 13 -2 1.000
1 -7 38 17 -3 19 5 -3 19 3 2.000
-2 20 42 24 14 16 42 -6 16 40 6.000
-1 1 3 7 5 7 -7 5 17 1 9.000
3 15 -3 -1 19 11 -3 9 11 5 13.000
-8 4 16 18 -2 0 -4 8 10 4 16.000
-9 -7 5 7 -3 -1 5 57 -1 13 20.000
0 2 4 6 16 -2 4 6 -2 18 23.000
-6 6 -12 0 0 12 -2 0 12 16 27.000

-10 2 4 6 6 8 4 -4 -2 -8 30.000

-6 1 1 5 5 5 3 15 2 4 PTS (dB)

15 27 49 24 19 53 42 57 34 40 MAXIMUM TS (dB)

411
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INDIVIDUAL THRESHOLD SHIFT (dB)

CHINCHILLA K69

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

6 4 10 24 23 12 12 0 2 0 0.000
4 2 8 12 11 0 0 -2 10 -2 0.021
2 10 6 10 19 8 8 6 8 6 0.042
0 -2 4 18 17 16 6 4 6 4 0.063
8 6 12 26 25 4 14 12 14 2 0.125

15 13 9 13 12 21 21 9 21 19 0.250
33 31 17 21 20 19 29 27 19 17 1.000
24 52 18 42 11 40 40 28 30 28 2.000
15 43 19 23 22 31 21 19 41 29 6.000
13 11 7 11 10 9 19 17 29 27 9.000
11 -1 5 9 8 7 7 15 17 5 13.000
9 -3 3 7 6 5 5 3 5 3 16.000
7 -5 1 5 4 3 3 1 3 1 20.000
5 3 -1 3 2 11 1 -1 1 -1 23.000
3 1 -3 1 10 9 -1 7 -1 -3 27.000
1 -1 -5 9 8 7 -3 -5 7 5 30.000

4 -1 -2 4 6 7 0 0 2 0 PTS (dB)

33 52 19 42 25 40 40 28 41 29 MAXIMUM TS (dB)

1
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INDIVIDuAL THRESHOLD SHIFT (dB)

CHINCHILLA K114

FREQUENCY (kHz)

.1250 .2500 .500 1.00 1.40 2.00 2.80 4.00 5.70 8.00 RECOVERY (days)

-2 2 4 0 2 -2 10 -3 8 7 0.000
* 16 10 2 8 10 6 18 5 6 5 0.021

4 8 20 6 28 24 26 23 24 23 0.042
12 6 18 14 16 22 34 21 22 11 0.063
1 10 14 6 22 14 20 12 19 10 19 0.125
8 2 4 10 12 8 10 7 8 7 0.250
6 0 2 -2 10 6 -2 5 6 5 1.000
-6 -2 0 6 -2 4 6 3 4 3 2.000
2 -4 -2 -6 6 2 -6 1 2 1 6.000
0 4 -4 2 4 0 2 -1 0 -1 9.000
-3 1 3 9 1 -3 -1 6 -3 6 13.000
-4 0 2 -2 0 6 8 -5 -4 5 16.000
-6 -2 0 6 7 -6 6 3 4 3 20.000
2 -4 -2 4 6 2 -6 -9 2 1 23.000
0 -6 -4 2 4 0 2 -1 0 -1 27.000
8 -8 -6 0 2 -2 0 -3 -2 -3 30.000

1 -5 -3 3 4 -2 0 -2 1 0 PTS (dB)

16 14 20 22 28 24 34 23 24 23 MAXIMUM TS (dB)

117



I d I I I I im hi , ,0)

DO3ISU,,A K10

-- CT tkt)

.1250 .2500 .500 1.00 1.40 2.00 2.60 4.00 S.70 6.00 0 (do")

3 5 11 5 13 11 33 5 1 1 0.000
11 13 9 1 1 9 11 13 -1 10 0.021
-1 1 -3 1 -1 7 -1 11 17 7 0.042
7 -1 5 -1 7 1s 7 -1 S 5 0.063
5 7 3 7 5 3 5 7 -7 13 0.1US
3 5 5 3 1 13 is I I 0.2
1 3 -1 13 1 -1 1 3 -1 -1 1.000
9 1 -3 1 9 -3 29 L1 17 7 2.000

-3 -1 -1 7 -S 7 -1 1S S 6.000
5 -3 -7 -3 -S 3 S -3 1 13 9.000
3 -S 1 S 3 11 3 5 1 1 L3.000
1 -7 -1 3 11 9 11 13 -1 9 16.000
9 1 -3 1 -1 7 -1 1 7 7 20.000

-3 -1 -4 -1 -3 S -3 9 s is 23.000
7 -1 5 9 7 S -3 9 S -7 27.000
is 7 3 7 5 3 S 7 3 3 30.000

7 2 0 4 2 5 0 7 5 5 B

15 13 11 13 13 15 33 15 17 IS WS 5(0)

lie



DZIVCIL liW rfT WO)

FCMY(kft)

.1250 .2500 .SO0 1.00 1.40 2.00 2.0 4.00 S.70 6.00 iNOKV Y (days)

0 6 21 14 20 2S 32 19 42 27 0.000
6 14 9 22 16 32 10 -3 30 3S 0.021
6 2 7 0 16 20 is i5 6 14 0.042
4 -3 25 6 4 16 36 33 16 21 0.063

*2 -2 23 26 22 6 14 21 4 29 0.125
6 4 -1 12 -2 12 20 7 20 15 0.20
6 2 17 20 6 20 6 5 -2 -7 1.000
46 0 1S 16 4 -2 -4 -7 6 1 2.000
2 -2 -7 6 12 6 13 1 14 -1 6.000
2 - 13 36 22 6 14 1 5 19 9.000
0 6 1 4 10 14 12 9 12 7 13.000
7 2 16 0 6 0 aS5 6 3 16.000

=4 2 7 10 6 10 -2 S a 3 20.000
-, 0 6 4 a 6 3 6 1 23.000
12 -2 13 -4 2 6 4 11 4 -1 27.000

2 6 13 6 2 26 4 1 4 -1 30.000

1 2 10 S 3 12 3 5 I 1 (MI)

12 14 2S 36 22 32 36 33 42 35 UNM UU(0)B
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APPMIX C

Cochl.eogrm and prinmft threshold shifts
for each animl used in this study arranged
by exposure group.

120



Group I-exposure: 147 dB High Peak in~uls.

Animals: E115R
FIR
E138R
G2R
G20R
GSR
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Group 2 - Exposure: 139 dBS Low peak impulse

Anials: 917R
F12R
F24R
F120Rl
H32R
G16R
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* Group 3 -Exposure: 139 dB High peak impulse

Animals: E109R
G30R
E144R
H16R
HlR
H42R
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Group 4 -Exposure: 131 dB Low peak iipulse

Animals: D22R
F113R
F2R
512R
H2R
09R
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* Group 5 - Exposure: 135 dB High peak iv~ulse

Animals: K68R
K116R
K103R
H184R
MiOOR
K21R
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Group 6 - Exposure: 127 dB Low peak iWAzS.

Animls: 1(62R
1(115
1(69R
1(114R
1(102R
K(93R
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APPENDIX D

Suuary of all the individual and group histological data
" presented in numerical form as raw data and averaged data.
• These summary figures were otained from the detailed data

that are plotted in Appendix C.

Baseline normal sensory cell densities at
various locations of the cochlea. These
figures were used to compute the percent
loss data.

Total numbers of missing inner and outer
sensory cells in each cochlea, as well as
average losses across each exposure group.

Percentage of sensory cell losses in octave
band lengths of the cochlea tabulated for
individual animals and for exposure groups
1 through 6.
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THE MEAN NUMBER OF INNER & OUTER HAIR CELLS IN A 0.24mm.
SAMPLING WINDOK OF THE COCHLEA AT THE LOCATIONS INDICATED.
THESE FIGURES WERE CALCULATED USING A POPULATION OF 30
NORMAL CHINCHILLAS, AND SERVED AS REFERENCE FIGURES IN
THE COMPUTATION OF THE PERCENTAGE OF MISSING SENSORY
CELLS.

1ST ROW 2ND RON 3RD ROW
COCHLAR LOCATION INNER OUTER OUTER OUTER
% DISTANCE FROM HAIR HAIR HAIR HAIR

APEX CELLS CELLS CELLS CELLS

0 - 17 25 33 33 33
17 - 33 24 32 32 32
33 - 50 24 31 31 31
50 - 67 23 31 31 31
67 - 83 25 31 31 31
83 -100 25 31 31 31

1
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GROUP 1: 147 dB - High Peak Impulse

TOTAL NUMBER OF SENSORY CELLS MISSING IN THE ENTIRE COCHLEA

1ST ROW 2ND ROW 3RD ROW TOTAL
ANIMAL INNER OUTER OUTER OUTER OUTER
NUMBER HAIR HAIR HAIR HAIR HAIR

CELLS CELLS CELLS CELLS CELLS

E11SR 841 1831 1767 1475 5073

FIR 580 1307 1298 1275 3880

E138R 258 2191 2083 2110 6384

G2R 168 1694 1435 1059 4188

G20R 1049 2115 2013 1961 6089

G5R 513 1920 1763 1735 5418

GROUP MEAN 568 5740

SD 336 1130

a
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GROUP 1: 147 dB - High Peak Impulse

GROUP MEANS

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND
LENGTHS OF THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

IHC OHC
OCTAVE BAND INNER 10 log -I- OUTER 10 log 0--

CENTER HAIR HAIR
FREQUENCY CELLS CELLS

0.125 kHz 7.5 8.8 71.8 8.6
0.25 kHz 12.7 11.0 250.0 14.0
0.5 kHz 53.2 17.3 574.3 17.6
1 kHz 96.2 19.8 883.0 19.5
2 kHz 102.0 20.1 971.8 19.9
4 kHz 92.3 19.7 955.2 19.8
8 kHz 117.8 20.7 830.5 19.2

16 kHz 85.8 19.3 564.2 17.5

STANDARD DEVIATIONS

TOTAL TOTAL
INNER OUTER
HAIR HAIR
CELLS CELLS

0.125 kHz 10.6 39.1
0.25 kHz 15.1 209.9
0.5 kHz 40.7 267.7
1 kHz 89.1 108.3
2 kHz 81.5 47.8
4 kHz 67.5 52.8
8 kHz 85.0 294.0

16 kHz 87.1 413.2
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INDIVIDUAL ANIMAL DATA

GROUP 1: 147 dB - High Peak Impulse

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER
CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA E115R

0.125 kHz 9 9 7 20 36
0.25 kHz 8 30 12 13 55
0.5 kHz 72 197 181 37 415
1 kHz 65 305 277 ill 693
2 kHz 174 341 341 336 1018
4 kHz 113 310 310 309 929
8 kHz 205 341 341 341 1023

16 kHz 176 279 279 279 837
TOTALS 837 1830 1766 1464 5060

CHINCHILLA FIR

0.125 kHz 0 14 20 26 60
0.25 kHz 5 1 3 17 21
0.5 kHz 45 74 61 49 184
1 kHz 175 327 302 255 884
2 kHz 109 310 310 310 930
4 kHz 148 310 310 310 930
8 kHz 96 266 275 283 824

16 kHz 2 5 17 25 47
TOTALS 580 1307 1298 1275 3880

CHINCHILLA E138R

0.125 kHz 5 29 36 61 126
0.25 kHz 4 230 128 137 495
0.5 kHz 7 318 306 285 909
1 kHz 115 310 309 306 925
2 kHz 35 341 341 341 1023
4 kHz 28 341 341 341 1023
8 kHz 50 310 310 310 930

16 kHz 13 279 279 279 837
TOTALS 258 2189 2081 2091 6361
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GROUP 1: 147 dB - High Peak Impulse - Individual Animal Data (CONTINUED)

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA G2R

0.125 kHz 2 34 33 27 94
0.25 kHz 42 272 126 55 453
0.5 kHz 66 267 220 97 584
1 kHz 2 335 326 217 878
2 kHz 32 341 341 322 1004
4 kHz 17 310 309 288 907
8 kHz 2 123 77 50 250

16 kHz 5 9 3 3 15
TOTALS 168 1694 1435 1059 4188

CHINCHILLA G20R

0.125 kHz 28 3 4 16 23
0.25 kHz 15 120 95 142 357
0.5 kHz 116 314 274 243 831
1 kHz 217 341 343 343 1027
2 kHz 223 311 311 311 933
4 kHz 185 304 308 308 920
8 kHz 138 342 345 339 1026

16 kHz 153 280 273 259 812
TOTALS 1075 2055 1992 1998 6045

CHINCHILLA G5R

0.125 kHz 1 21 35 36 92
0.25 kHz 2 58 28 33 119
0.5 kHz 13 269 141 113 523
1 kHz 3 309 296 286 891
2 kHz 39 310 310 303 923
4 kHz 63 341 341 340 1022
8 kHz 216 310 310 310 930

16 kHz 166 279 279 279 837
TOTALS 508 1919 1762 1722 5403
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GROUP 1: 147 dB - High Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

TOTAL
OCTAVE BAND INNER OUTER
CENTER HAIR HAIR
FREQUENCY CELLS CELLS

GROUP MEANS

0.125 kHz 5.9 14.3
0.25 kHz 6.7 27.2
0.5 kHz 21.7 60.4
1 kHz 41.0 91.8
2 kHz 42.6 99.5
4 kHz 37.6 99.5
8 kHz 45.3 83.7
16 kHz 36.4 67.4

STANDARD DEVIATIONS

0.125 kHz 8.6 8.4
0.25 kHz 7.4 21.6
0.5 kHz 15.8 26.3
1 kHz 36.7 8.6
2 kHz 35.4 0.7
4 kHz 28.7 1.2
8 kHz 33.6 32.6

16 kHz 37.8 50.5

1
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INDIVIDUAL ANIMAL DATA

GROUP 1: 147 dB - High Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA E115R

0.125 kHz 7.3 5.9 3.6 11.2 6.9
0.25 kHz 2.6 8.9 3.7 3.4 5.3
0.5 kHz 30.4 64.0 58.2 12.0 44.7
1 kHz 33.5 98M6 91.5 43.1 77.7
2 kHz 65.3 99.9 99.9 98.3 99.4
4 kHz 45.6 100.0 100.0 99.8 99.9
8 kHz 79.5 100.0 100.0 100.0 100.0

16 kHz 79.2 99.9 99.9 99.9 99.9

CHINCHILLA FIR

0.125 kHz 0.0 7.4 11.0 14.6 11.0
0.25 kHz 2.8 0.5 0.7 4.9 2.0
0.5 kHz 20.9 31.8 26.2 17.7 25.2

1 kHz 69.0 95.5 89.3 78.9 87.9
2 kHz 47.8 99.9 99.9 99.9 99.9
4 kHz 59.0 100.0 100.0 100.0 100.0
8 kHz 36.2 78.5 83.8 88.4 83.6
16 kHz 0.5 1.4 2.8 3.3 2.5

CHINCHILLA E138R

0.125 kHz 3.4 21.4 21.3 37.7 26.8
0.25 kHz 1.5 66.1 38.0 38.4 47.5
0.5 kHz 3.5 99.7 95.9 89.6 95.1
1 kHz 48.4 100.0 99.8 99.3 99.7
2 kHz 11.5 99.9 99.9 99.9 99.9
4 kHz 10.8 100.0 100.0 100.0 100.0
8 kHz 19.9 100.0 100.0 100.0 100.0

16 kHz 4.6 99.9 99.9 99.9 99.9
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GROUP 1: 147 dB - High Peak Impulse - Individual Animal Data (CONTINUED)

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROK 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

* CHINCHILLA G2R

0.125 kHz 1.3 21.1 20.1 17.5 19.6
0.25 kHz 17.3 80.7 37.5 14.7 44.3
0.5 kHz 24.9 83.6 69.7 29.2 60.8
1 kHz 0.9 99.0 97.2 69.4 88.5
2 kHz 12.8 100.0 100.0 94.3 98.1
4 kHz 6.5 99.5 98.7 93.0 97.0
8 kHz 0.7 30.3 17.0 8.2 18.5
16 kHz 2.0 3.9 0.8 1.0 1.9

CHINCHILLA G20R

0.125 kHz 22.6 2.0 2.3 9.4 4.6
0.25 kHz 14.7 48.4 39.9 53.8 47.4
0.5 kHz 45.3 98.8 86.8 73.1 86.2
1 kHz 92.4 99.8 100.0 100.0 99.9
2 kHz 99.9 99.9 99.9 99.9 99.9
4 kHz 79.3 100.0 100.0 100.0 100.0
8 kHz 48.0 100.0 100.0 100.0 100.0

16 kHz 59.0 100.0 100.0 100.0 100.0

CHINCHILLA G5R

0.125kHz 0.6 12.2 18.8 19.7 16.9
0.25 kHz 0.7 22.9 13.3 13.8 16.7
0.5 kHz 5.2 78.3 40.0 31.7 50.0
1 kHz 1.2 99.6 96.1 93.6 96.4
2 kHz 18.1 100.0 100.0 97.8 99.2
4 kHz 23.9 99.9 99.9 99.6 99.8
8 kHz 87.1 99.9 99.9 99.9 99.9

16 kHz 72.7 100.0 100.0 100.0 100.0
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GROUP 2: 139 dB - Low Peak Impulse

TOTAL NUMBER OF SENSORY CELLS MISSING IN THE ENTIRE COCHLEA

1ST ROW 2ND ROW 3RD ROW TOTAL
ANIMAL INNER OUTER OUTER OUTER OUTER
NUMBER HAIR HAIR HAIR HAIR HAIR

CELLS CELLS CELLS CELLS CELLS

E17R 275 1930 1914 1973 5817

F12R 525 2046 1909 1968 5923

F24R 350 2539 2410 2387 7336

F120R 218 1686 1576 1344 4606

H32R 498 2019 1907 1822 5748

G16R 68 1401 1400 1266 4067

GROUP MEAN 322 5583

SD 173 1142
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GROUP 2: 139 dB - Low Peak Impulse

GROUP MEANS

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND
LENGTHS OF THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

IHC OHC
OCTAVE BAND INNER 10 log -- OUTER 10 log O-0
CENTER HAIR HAIR

FREQUENCY CELLS CELLS

0.125 kHz 12.2 10.9 119.3 10.8
0.25 kHz 28.3 14.5 315.2 15.0
0.5 kHz 28.8 14.6 737.7 18.7
1 kHz 79.7 19.0 931.2 19.7
2 kHz 69.5 18.4 987.0 19.9
4 kHz 24.3 13.9 981.3 19.9
8 kHz 8.2 9.1 872.3 19.4

16 kHz 69.8 18.4 598.5 17.8

STANDARD DEVIATIONS

TOTAL TOTAL
INNER OUTER
HAIR HAIR
CELLS CELLS

0.125 kHz 17.5 64.7
0.25 kHz 55.2 323.8
0.5 kHz 17.9 280.1
1 kHz 53.9 64.3
2 kHz 73.8 47.6
4 kHz 19.1 77.3
8 kHz 5.3 129.4

16 kHz 78.4 434.0

1
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INDIVIDUAL ANIMAL DATA

GROUP 2: 139 dB - Low Peak Impulse

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND RW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA E17R

0.125 kHz 1 30 33 65 128
0.25 kHz 5 101 82 126 309
0.5 kHz 10 319 319 311 949
1 kHz 47 279 279 279 837
2 kHz 28 310 310 303 923
4 kHz 16 310 310 296 916
8 kHz 16 310 310 310 930
16 kHz 152 248 248 248 744
TOTALS 275 1929 1913 1960 5802

CHINCHILLA F12R

0.125 kHz 41 13 28 58 99
0.25 kHz 140 162 30 48 240
0.5 kHz 28 317 300 305 922
1 kHz 56 310 310 310 930
2 kHz 52 310 310 310 930
4 kHz 20 310 310 310 930
8 kHz 7 310 307 310 927
16 kHz 181 310 310 310 930
TOTALS 525 2046 1909 1965 5920

CHINCHILLA F24R

0.125 kHz 0 113 25 59 197
0.25 kHz 3 351 309 279 939
0.5 kHz 62 351 351 344 1046
1 kHz 113 341 341 341 1023
2 kHz 89 341 341 341 1023
4 kHz 10 372 372 372 1116
8 kHz 11 341 341 341 1023

16 kHz 62 308 309 279 896
TOTALS 350 2538 2409 2376 7323
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GROUP 2: 139 dB - Low Peak Impulse - Individual Animal Data (CONTINUED)

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST Row 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA F120R

0.125 kHz 3 40 19 21 80
0.25 kHz 20 153 80 38 271
0.5 kHz 27 281 255 128 664
1 kHz 99 310 310 272 892
2 kHz 33 339 340 323 1002
4 kHz 24 309 309 305 923
8 kHz 9 232 239 239 710
16 kHz 3 22 24 18 64
TOTALS 218 1686 1576 1344 4606

CHINCHILLA H32R

0.125 kHz 27 59 60 66 185
0.25 kHz 0 57 31 19 107
0.5 kHz 17 240 164 104 508
1 kHz 157 340 329 305 974
2 kHz 209 341 341 340 1022
4 kHz 62 341 341 337 1019
8 kHz 0 310 310 310 930
16 kHz 17 310 310 310 930
TOTALS 493 2018 1906 1811 5735

CHINCHILLA G16R

0.125 kHz 1 3 7 17 27
0.25 kHz 2 7 10 8 25
0.5 kHz 29 130 123 84 337
1 1 kHz 6 333 319 279 931
2 kHz 6 341 341 340 1022
4 kHz 14 341 340 303 984

* 8 kHz 6 243 249 222 714
16 kHz 4 3 11 13 27
TOTALS 68 1401 1400 1266 4067
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GOP 2: 139 dB - Low Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LNGTHS OF
THE COCHiA CENTERED AT THE FREoJwwCIES INDICATED

TOTAL
OCTAVE BAD INNER OUTER
CD/TER HAIR HAIR
FREQUECY CELLS CELLS

GROUP MEANS

0.125 kHz 10.2 21.6
0.25 kHz 10.7 32.8
0.5 kHz 11.6 75.4
1 kHz 33.7 97.9
2 kHz 25.0 99.5
4 kcz 9.2 98.9
8 kHz 3.9 87.2

16 kHz 30.3 67.8

STARD DEVIATIONS

0.125 kHz 15.6 10.9
0.25 kflz 20.6 30.4
0.5 kHz 6.6 26.7

1 kHz 20.7 2.3
2 kHz 29.0 0.7
4 kHz 7.3 1.3
8 kHz 3.0 19.8

16 kHz 32.8 48.6
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INDIVIDUAL ANIMAL DATA

GROUP 2: 139 dB - Low Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

. CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA F120R

0.125 kHz 3.2 22.6 11.6 11.8 15.3
0.25 kHz 7.7 45.7 24.1 11.0 26.9
0.5 kHz 10.8 89.2 81.2 43.0 71.1
1 kHz 43.0 100.0 100.0 88.7 96.2
2 kHz 10.4 99.4 99.7 95.1 98.1
4 kHz 9.8 99.3 99.6 98.1 99.0
8 kHz 2.6 61.6 63.6 63.7 63.0

16 kHz 1.3 7.5 8.0 6.2 7.2

CHINCHILLA H32R

0.125 kHz 17.9 29.6 30.2 33.2 31.0
0.25 kHz 0.0 18.2 9.1 6.1 11.1
0.5 kHz 7.3 73.4 51.1 34.2 52.9
1 kHz 64.0 99.7 98.5 90.6 96.3
2 kHz 79.3 100.0 100.0 99.7 99.9
4 kHz 23.1 100.0 100.0 98.8 99.6
8 kHz 0.7 100.0 100.0 100.0 100.0

16 kHz 12.6 100.0 100.0 100.0 100.0

CHINCHILLA G16R

0.125 kHz 0.7 1.5 3.5 8.5 4.5
0.25 kHz 0.7 2.2 3.4 4.1 3.2
0.5 kHz 10.9 43.9 40.5 23.4 35.9
1 kHz 2.6 99.4 96.5 89.5 95.1
2 kHz 2.0 100.0 100.0 98.9 99.6
4 kHz 5.5 100.0 99.7 89.8 96.5
8 kHz 1.8 61.6 63.4 55.5 60.2
16 kHz 1.6 1.0 3.5 4.2 2.9
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GROUP 2: 139 dB - Low Peak Impulse - Individual Animal Data (CONTINUED)

% SENSORY CELL LOSSES OVER OCTAVE BAND LEN4GTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA E17R

0.125 kHz 0.7 18.2 19.1 38.4 25.2
0.25 kHz 2.2 41.3 35.6 48.2 41.7
0.5 kHz 6.9 100.0 100.0 98.3 99.4
1 kHz 24.1 100.0 100.0 100.0 100.0
2 kHz 6.5 100.0 100.0 97.7 99.2
4 kHz 6.7 100.0 100.0 95.4 98.5
8 kHz 9.1 100.0 100.0 100.0 100.0

16 kHz 67.0 100.0 100.0 100.0 100.0

CHINCHILLA F12R

0.125 kHz 38.9 10.0 15.6 33.0 19.5
0.25 kHz 52.4 51.9 10.1 13.7 25.2
0.5 kHz 8.8 93.9 92.2 94.5 93.5
1 kHz 27.7 100.0 100.0 100.0 100.0
2 kHz 16.6 100.0 100.0 100.0 100.0
4 kHz 7.8 100.0 100.0 100.0 100.0
8 kHz 5.0 100.0 99.1 100.0 99.7

16 kHz 75.1 100.0 100.0 100.0 100.0

CHINCHILLA F24R

0.125 kHz 0.0 58.7 13.7 29.9 34.1
0.25 kHz 1.1 97.9 87.8 79.6 88.4
0.5 kHz 24.6 100.0 100.0 98.1 99.4
1 kHz 40.8 100.0 100.0 100.0 100.0
2 kHz 35.2 100.0 100.0 100.0 100.0
4 kHz 2.2 100.0 100.0 100.0 100.0
8 kHz 3.9 100.0 100.0 100.0 100.0

16 kHz 24.4 99.4 99.7 90.2 96.4
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GROUP 3: 139 dB - High Peak Impulse

TOTAL NUMBER OF SENSORY CELLS MISSING IN THE ENTIRE COCHLEA

1ST ROW 2ND RC 3RD ROW TOTAL
ANIMAL INNER OUTER OUTER OUTER OUTER
NUMBER HAIR HAIR HAIR HAIR HAIR

CELLS CELLS CELLS CELLS CELLS

E109R 95 445 482 439 1366

* G30R 240 1160 1147 1099 3406

E144R 38 839 708 520 2067
I

H16R 23 876 930 658 2464

HIR 83 523 440 498 1461

H42R 109 836 780 763 2379

GROUP MEAN 98 2191

SD 77 750
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GROUP 3: 139 dB - High Peak Impulse

GROUP MEANS

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND
LENGTHS OF THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

OCTAVE BAND INNER 10 log I-- OUTER 10 log OHC

CENTER HAIR HAIR
FREQUENCY CELLS CELLS

0.125 kHz 1.7 2.3 118.7 10.7
0.25 kHz 3.2 5.1 60.3 7.8
0.5 kHz 4.0 6.0 348.5 15.4
1 kHz 41.7 16.2 689.2 18.4
2 kHz 27.8 14.4 607.8 17.8
4 kHz 10.3 10.1 191.3 12.8
8 kHz 8.5 9.3 63.3 8.0
16 kHz 1.0 0 26.8 4.3

STANDARD DEVIATIONS

TOTAL TOTAL
INNER OUTER
HAIR HAIR
CELLS CELLS

0.125 kHz 2.3 106.4
0.25 kHz 1.7 27.7
0.5 kHz 2.6 233.0
1 kHz 40.7 338.2
2 kHz 33.7 363.3
4 kHz 13.7 179.0
8 kHz 11.4 85.6

16 kHz 1.5 51.3
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INDIVIDUAL ANIMAL DATA

GROUP 3: 139 dB - High Peak Impulse

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD R(O TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA E109R

0.125 kHz 0 3 15 42 60
0.25 kHz 6 4 12 48 64
0.5 kHz 2 142 134 93 369
1 kHz 72 268 263 222 753
2 kHz 3 6 34 10 50
4 kHz 4 4 3 6 13
8 kHz 8 18 20 17 55

16 kHz 0 0 1 1 2
TOTALS 95 445 482 439 1366

CHINCHILLA G30R

0. 125 kHz 5 34 62 64 160
0.25 kHz 1 36 19 33 88
0.5 kHz 6 245 207 181 633
1 kHz 107 340 340 332 1012
2 kHz 84 341 341 318 1000
4 kHz 37 163 178 168 509
8 kHz 0 2 1 3 6

16 kHz 1 0 0 1 1
TOTALS 241 1161 1148 1100 3409

CHINCHILLA E144R

0.125 kHz 0 5 14 35 54
0.25 kHz 4 10 4 28 42
0.5 kHz 0 113 67 42 222
1 kHz 0 298 233 101 632
2 kHz 0 254 241 45 540
4 kHz 3 77 69 65 211
8 kHz 31 59 52 124 235

16 kHz 0 23 28 80 131
TOTALS 38 839 708 520 2067
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GROUP 3: 139 dB High Peak Impulse - Individual Animal Data (CONTINUED)

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST RCW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA H16R

0.125 kHz 1 100 121 98 319
0.25 kHz 2 17 10 65 92
0.5 kHz 7 259 217 132 608
1 kHz 8 310 309 269 888
2 kHz 2 170 242 55 467
4 kHz 2 14 16 18 48
8 kHz 1 2 12 13 27

16 kHz 0 4 3 8 15
TOTALS 23 876 930 658 2464

CHINCHILLA HIR

0.125 kHz 4 11 19 22 52
0.25 kHz 3 18 17 22 57
0.5 kHz 5 32 12 12 56
1 kHz 30 264 193 103 560
2 kHz 29 188 188 195 571
4 kHz 3 4 6 117 127
8 kHz 5 5 3 26 34

16 kHz 4 1 2 1 4
TOTALS 83 523 440 498 1461

CHINCHILLA H42R

0.125 kHz 0 15 32 20 67
0.25 kHz 3 2 7 10 19
0.5 kHz 4 59 44 100 203
1 kHz 33 310 252 238 800
2 kHz 49 341 341 337 1019
4 kHz 13 96 94 50 240
8 kHz 6 10 6 7 23

16 kHz 1 3 4 1 8
TOTALS 109 836 780 763 2379
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GROUP 3: 139 dB - High Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

TOTAL
OCTAVE BAND INNER OUTER

CENTER HAIR HAIR
FREQUENCY CELLS CELLS

0

GROUP MEANS

0.125 kHz 1.5 21.6
0.25 kHz 1.2 5.9
0.5 kHz 1.6 35.9
1 kHz 16.0 80.8
2 kHz 11.5 60.5
4 kHz 4.4 18.4
8 kHz 3.2 7.0

16 kHz 0.4 2.3

STANDARD DEVIATIONS

0.125 kHz 1.5 19.4
0.25 kHz 1.2 2.9
0.5 kHz 1.6 23.3
1 kHz 14.9 15.1
2 kHz 14.0 35.6
4 kHz 6.9 20.8
8 kHz 4.4 10.6

16 kHz 0.4 3.9

j1

I
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INDIVIDUAL ANIMAL DATA

GROUP 3: 139 dB - High Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

IST ROW 2ND Raw 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA E109R

0.125 kHz 0.3 1.6 8.8 25.9 12.1
0.25 kHz 2.2 1.2 3.6 13.9 6.2
0.5 kHz 1.0 47.6 44.9 31.5 41.3
1 kHz 30.4 85.3 84.0 70.3 79.9
2 kHz 1.3 1.9 10.6 3.1 5.2
4 kHz 1.7 1.5 1.2 2.2 1.7
8 kHz 3.0 5.5 6.1 5.1 5.6

16 kHz 0.0 0.0 0.3 0.3 0.2

CHINCHILLA G30R

0.125 kHz 3.3 17.5 31.6 32.4 27.2
0.25 kHz 0.6 10.8 5.6 9.8 8.7
0.5 kHz 2.0 71.6 60.6 53.0 61.7
1 kHz 37.3 99.6 99.6 97.2 98.8
2 kHz 35.0 100.0 100.0 95.7 98.5
4 kHz 18.3 57.5 62.1 56.4 58.6
8 kHz 0.0 0.6 0.3 0.6 0.5

16 kHz 0.4 0.0 0.0 0.6 0.2

CHINCHILLA E144R

0.125 kHz 1.0 2.6 7.7 20.8 10.4
0.25 kHz 1.0 3.2 1.5 7.0 3.9
0.5 kHz 0.0 36.0 20.3 13.0 23.1
1 kHz 0.0 96.7 77.2 32.3 68.8
2 kHz 0.0 82.9 79.3 21.8 61.3
4 kHz 1.1 15.2 12.8 12.1 13.4
8 kHz 11.9 21.9 20.5 42.7 28.4

16 kHz 0.0 3.9 4.6 22.2 10.2
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GROUP 3: 139 dB - High Peak Impulse - Individual Animal Data (CONTINUED)

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA H16R

0.125 kHz 0.6 54.7 65.0 56.8 58.8
0.25 kHz 1.1 8.0 2.6 17.7 9.4
0.5 kHz 2.4 77.3 68.3 41.7 62.4
1 kHz 3.2 100.0 99.6 86.4 95.3
2 kHz 0.8 47.9 70.8 13.5 44.1
4 kHz 0.8 4.3 4.6 5.0 4.6
8 kHz 0.3 0.6 3.6 4.0 2.7

16 kHz 0.0 1.3 0.8 2.7 1.6

CHINCHILLA HIR

0.125 kHz 3.3 6.5 10.5 12.5 9.9
0.25 kHz 0.7 4.7 4.4 5.5 4.9
0.5 kHz 2.4 9.3 3.4 3.4 5.4
1 kHz 11.5 82.7 61.6 34.3 59.5
2 kHz 11.3 51.9 51.9 59.2 54.3
4 kHz 1.0 1.4 1.6 31.7 11.5
8 kHz 1.5 1.1 0.8 5.2 2.4
16 kHz 1.6 0.3 0.6 0.3 0.4

CHINCHILLA H42R

0.125 kHz 0.0 7.5 16.0 10.0 11.2
0.25 kHz 1.1 0.5 2.0 3.3 1.9
0.5 kHz 1.5 19.6 14.1 29.0 20.9
1 kHz 13.3 94.3 78.1 74.5 82.3
2 kHz 20.4 99.9 99.9 98.8 99.6
4 kHz 3.5 25.2 24.6 11.6 20.5
8 kHz 2.1 2.9 1.7 2.0 2.2
16 kHz 0.4 0.9 1.3 0.3 0.8
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GROUP 4: 131 dB - Low Peak Impulse

TOTAL NUMBER OF SENSORY CELLS MISSING IN THE ENTIRE COCHLEA

1ST ROW 2ND RO 3RD ROW TOTAL
ANIMAL INNER OUTER OUTER OUTER OUTER
NUMBER HAIR HAIR HAIR HAIR HAIR

CELLS CELLS CELLS CELLS CELLS

D22R 141 558 441 388 1387

F113R 133 968 915 619 2502

F2R 92 192 214 260 666

H12R 62 765 730 608 2103

H2R 35 527 512 356 1395

G9R 43 143 129 199 471

GROUP MEAN 84 1421

SD 45 788
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GROUP 4: 131 dB - Low Peak Impulse

GROUP MEANS

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND
LENGTHS OF THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

IHC or 1lOg C
OCTAVE BAND INNER 10 log --y OUTER 0 log HC

CENTER HAIR HAIR

FREQUENCY CELLS CELLS

0.125 kHz 3.5 5.4 75.2 8.8
0.25 kHz 10.0 10.0 161.8 12.1
0.5 kHz 4.0 6.0 229.3 13.6
1 kHz 44.8 16.5 619.3 17.9
2 kHz 10.8 10.3 254.3 14.1
4 kHz 0.7 -1.5 11.0 0.4
8 kHz 2.8 4.5 33.3 5.4

16 kHz 7.8 8.9 20.3 3.1

STANDARD DEVIATIONS

TOTAL TOTAL
INNER OUTER
HAIR HAIR
CELLS CELLS

0.125 kHz 4.7 52.4
0.25 kHz 16.9 188.3
0.5 kHz 7.4 191.3
1 kHz 32.1 271.9
2 kHz 17.5 309.3
4 kHz 0.8 5.6
8 kHz 4.1 39.1

16 kHz 18.7 37.2
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INDIVIDUAL ANIMAL DATA

GROUP 4: 131 dB - Low Peak Impulse

TOTAL SENSORY CELL LOSSES OVER OCTAVW BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA D22R

0.125 kHz 6 11 22 46 79
0.25 kHz 44 188 160 155 503
0.5 kHz 2 160 60 26 264
1 kHz 85 169 171 123 463
2kHz 3 16 16 17 49
4 kHz 0 8 3 8 19
8 kHz 1 5 5 9 19

16 kHz 0 1 4 4 9
TOTALS 141 558 441 388 1387

CHINCHILLA F113R

0.125 kHz 1 9 24 41 74
0.25 kHz 5 130 68 63 261
0.5 kHz 2 266 222 61 549
1 kHz 50 309 307 253 869
2 kHz 17 190 206 145 541
4 kHz 1 0 8 2 10
8 kHz 11 31 45 24 100

16 kHz 46 32 34 30 96
TOTALS 133 968 915 619 2505

CHINCHILLA F2R

0.125 kHz 12 21 34 41 96
0.25 kHz 2 6 2 45 53
0.5 kHz 1 8 4 18 30
1 kHz 74 127 122 117 366
2 kHz 1 2 2 1 5
4 kHz 0 3 1 3 7
8 kHz 2 3 1 2 6

16 kHz 0 0 1 6 7
TOTALS 92 192 191 260 643
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GROUP 4: 131 dB - Low Peak Impulse - Individual Animal Data (CONTINUED)

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA H12R

0.125 kHz 1 50 68 41 159
0.25 kHz 0 3 2 17 22
0,5 kHz 0 112 76 72 260
1 kHz 15 341 325 237 903
2 kHz 44 251 252 232 735
4 kHz 1 7 6 4 17
8 kHz 1 0 1 4 5

16 kHz 0 1 0 1 2
TOTALS 62 765 730 608 2103

CHINCHILLA H2R

0.125 kHz 0 6 15 16 37
0.25 kHz 8 5 12 23 40
0.5 kHz 19 96 87 76 259
1 kHz 3 310 310 193 813
2 kHz 0 78 66 31 175
4 kHz 2 4 2 1 7
8 kHz 2 27 19 16 62
16 kHz 1 1 1 0 2
TOTALS 35 527 512 356 1395

CHINCHILLA G9R

0.125 kHz 1 0 4 2 6
0.25 kHz 1 45 12 35 92

- 0.5 kHz 0 3 17 12 32
1 kHz 42 81 89 132 302
2 kHz 0 6 1 14 21
4 kHz 0 3 2 1 6
8 kHz 0 5 1 2 8

16 kHz 0 0 3 3 6
TOTALS 44 143 129 201 473
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GROUP 4: 131 dB - Low Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

TOTAL
OCTAVE BAND INNER OTER
CENTER HAIR HAIR
FREQUENCY CELLS CELLS

GROUP MEANS

0.125 kHz 2.5 13.4
0.25 kHz 3.8 15.8
0.5 kHz 1.7 24.5
1 kHz 17.9 63.4
2 kHz 4.1 22.0
4 kHz 0.3 1.0
8 kHz 1.1 3.5

16 kHz 3.3 3.3

STANDARD DEVIATIONS

0.125 kHz 3.4 8.3
0.25 kHz 6.4 18.8
0.5 kHz 2.8 19.4
1 kHz 12.6 28.2
2 kHz 6.5 27.4
4 kHz 0.3 0.4
8 kHz 1.5 3.9

16 kHz 7.8 4.7
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INDIVIDUAL ANIMAL DATA

GR 4: 131 dB - Low Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

SCENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA H12R

0.125 kHz 0.6 24.2 33.1 20.6 26.0
0.25 kHz 0.0 0.8 0.5 4.4 1.9
0.5 kHz 0.5 37.4 26.8 24.9 29.7
1 kHz 5.7 100.0 96.0 70.8 88.9
2 kHz 16.2 64.2 64.4 59.0 62.6
4 kHz 0.5 1.9 1.7 1.1 1.6
8 kHz 0.2 0.0 0.3 1.1 0.5
16 kHz 0.0 0.3 0.0 0.3 0.2

CHINCHILLA H2R

0.125 kHz 0.0 3.2 9.1 11.4 7.9
0.25 kHz 3.5 1.7 3.7 5.6 3.7
0.5 kHz 7.4 38.5 35.4 32.5 35.5
1 kHz 1.2 99.9 98.5 52.6 83.6
2 kHz 0.0 14.7 12.2 9.4 12.1
4 kHz 0.8 1.3 0.6 0.3 0.7
8 kHz 0.8 8.7 6.0 5.0 6.6

16 kHz 0.4 0.1 0.4 0.0 0.1

CHINCHILLA G9R

0.125 kHz 0.7 1.8 2.2 1.1 1.7
0.25 kHz 0.4 12.5 3.8 10.7 9.0

* 0.5 kHz 0.0 0.9 5.6 3.8 3.5
1 kHz 18.1 25.3 26.9 40.0 30.7
2 kHz 0.0 1.3 0.3 3.6 1.7
4 kHz 0.0 1.0 0.6 0.4 0.7
8 kHz 0.0 1.4 0.9 1.4 1.3

16 kHz 0.0 0.0 0.3 0.0 0.1
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GR(XU 4: 131 dB - Low Peak Impulse - Individual Animal Data (CONTINUED)

% SENSORY CELL LOSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREUENIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA D22R

0.125 kHz 4.0 5.6 11.1 23.2 13.3
0.25 kHz 16.5 59.7 45.6 44.5 49.9
0.5 kHz 1.3 41.2 18.2 7.2 22.2
1 kHz 32.8 49.9 50.7 37.5 46.1
2 kHz 0.9 4.5 4.4 4.3 4.4
4 kHz 0.0 2.2 0.8 2.3 1.7
8 kHz 0.4 1.5 1.5 2.7 1.9

16 kHz 0.0 0.3 1.3 1.3 1.0

CHINCHILLA F113R

0.125 kHz 0.7 4.6 14.2 22.9 13.9
0.25 kHz 1.9 40.1 19.4 17.7 25.7
0.5 kHz 0.8 76.2 65.0 17.8 53.0
1 kHz 19.9 99.7 98.9 80.8 93.1
2 kHz 6.9 53.2 58.3 41.3 50.9
4 kHz 0.4 0.0 2.6 0.6 1.1
8 kHz 4.1 9.4 13.4 7.3 10.0

16 kHz 19.3 11.1 11.8 10.1 11.0

CHINCHILLA F2R

0.125 kHz 8.8 11.7 18.0 22.5 17.4
0.25 kHz 0.4 1.2 0.4 12.4 4.7
0.5 kHz 0.4 2.4 1.1 5.3 2.9
1 kHz 29.5 39.2 37.7 36.1 37.7
2 kHz 0.4 0.6 0.6 0.3 0.5
4 kHz 0.0 1.4 0.5 0.9 0.9
8 kHz 0.8 0.4 0.1 0.6 0.4

16 kHz 0.0 7.0 8.0 7.7 7.5
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GROUP 5: 135 dB - High Peak Impulse

TOTAL NUMBER OF SENSORY CELLS MISSING IN THE ETIRE cOcHLP

1ST ROW 2ND ROW 3RD ROW TOTAL
ANIMAL INNER OUTER OUTER OUTER OUTER
NUMBER HAIR HAIR HAIR HAIR HAIR

CELLS CELLS CELLS CELLS CELLS
• H184R 20 57 75 71 203

* K21R 56 270 326 539 1135

K108R 11 410 415 371 1196

K103R 187 515 604 419 1538

K68R 80 214 252 320 786

K116R 9 27 24 77 128

GROUP MEAN 61 831

SD 68 569

1
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GROUP 5: 135 dB - High Peak Impulse

GROUP MEANS

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND
LENGTHS OF THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

OCTAVE BAND INNER 10 log I- OUTER 10 log OHC

CENTER HAIR HAIR y

FREQUENCY CELLS CELLS

0.125 kHz 1.2 0.8 126.0 11.0
0.25 kHz 1.2 0.8 133.8 11.3
0.5 kHz 3.2 5.1 35.2 5.5
1 kHz 49.3 16.9 357.3 15.5
2 kHz 1.2 0.8 144.3 11.6
4 kHz 0.8 -0.9 9.8 -0.1
8 kHz 2.2 3.4 12.0 0.8

16 kHz 1.2 0.8 11.0 0.4

STANDARD DEVIATIONS

TOTA TOTA
INN!ER OUTER
HAIR HAIR
CELLS CELLS

0.125 kHz 1.5 155.9
0.25 kHz 1.9 167.7
0.5 kHz 3.9 24.2
1 kHz 70.1 344.4
2 kHz 1.5 203.6
4 kHz 0.8 6.7
8 kHz 2.6 7.2

16 kHz 1.6 9.1
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INDIVIDUAL ANIMAL DATA

GROUP 5: 135 dB - High Peak Impulse

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CETERED AT THE FREQUENCIES INDICATED

IST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

* CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA H184R

0.125 kHz 0 2 2 12 16
0.25 kHz 1 6 8 12 26
0.5 kHz 1 3 3 9 15
1 kHz 5 35 45 25 105
2 kHz 3 4 9 6 19
4 kHz 0 3 0 2 5
8 kHz 6 1 5 4 10

16 kHz 4 3 3 1 7
TOTALS 20 57 75 71 203

CHINCHILLA K21R

0.125 kHz 3 125 147 147 419
0.25 kHz 5 78 115 253 446
0.5 kHz 11 4 1 59 64
1 kHz 28 44 45 50 139
2 kHz 1 8 7 2 17
4 kHz 1 4 7 10 21
8 kHz 5 4 1 14 19

16 kHz 2 3 3 4 10
TOTALS 56 270 326 539 1135

CHINCHILLA K108R

* 0.125 kHz 0 0 3 17 20
0.25 kHz 0 0 1 12 13
0.5 kHz 1 4 5 5 14
1 kHz 6 244 246 219 709
2 kHz 3 156 156 116 428
4 kHz 0 2 1 1 4
8 kHz 1 0 3 0 3

16 kHz 0 4 0 1 5
TOTALS 11 410 415 371 1196
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GROUP 5: 135 dB - High Peak Impulse - Individual Animal Data (CONTINUED)

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND RO 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA K103R

0.125 kHz 1 7 32 56 95
0.25 kHz 1 15 13 49 77
0.5 kHz 1 28 22 16 66
1 kHz 180 295 297 251 843
2 kHz 0 155 202 28 385
4 kHz 2 2 9 3 14
8 kHz 0 4 13 5 22

16 kHz 0 5 12 11 28
TOTALS 187 515 604 419 1538

CHINCHILLA K68R

0.125 kHz 0 83 57 35 175
0.25 kHz 0 2 70 130 202
0.5 kHz 2 6 4 24 34
1 kHz 77 113 113 114 340
2 kHz 0 5 1 5 11
4 kHz 1 3 3 4 10
8 kHz 0 1 4 6 11

16 kHz 0 1 0 2 3
TOTALS 80 214 252 320 786

CHINCHILLA K116R

0.125 kHz 3 5 9 17 31
0.25 kHz 0 3 2 34 39
0.5 kHz 3 3 5 10 18

1 kHz 0 2 1 5 8
2 kHz 0 3 2 1 6
4 kHz 1 1 1 3 5
8 kHz 1 5 2 0 7
16 kHz 1 4 2 7 13
TOTALS 9 27 24 77 128
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GROUP 5: 135 dB - High Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERE AT THE FREQUENCIES INDICATED

TOTAL
OCTAVE BAND INNER OUTER

CENTER HAIR HAIR
FREQUENCY CELLS CELLS

* GROUP MEANS

* 0.125 kHz 0.8 25.2
0.25 kHz 0.5 11.6
0.5 kHz 1.5 3.5
1 kHz 19.6 39.3
2 kHz 0.5 13.6
4 kHz 0.4 1.1
8 kHz 0.7 1.2

16 kHz 0.6 1.4

STANDARD DEVIATIONS

0.125 kHz 1.0 31.8
0.25 kHz 0.8 14.4
0.5 kHz 1.5 2.1
1 kHz 28.1 39.0
2 kHz 0.6 19.1
4 kHz 0.3 0.6
8 kHz 1.0 0.7
16 kHz 0.6 1.3
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INDIVIDUAL ANIMAL DATA

GROUP 5: 135 dB - High Peak impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST Row 2ND Row 3RD Row ToAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA H184R

0.125 kHz 0.0 1.4 1.9 6.1 3.2
0.25 kHz 0.3 1.5 1.8 3.6 2.3
0.5 kHz 0.7 2.2 2.0 2.4 2.2
1 kHz 1.5 9.2 12.7 7.7 9.9
2 kHz 1.2 1.2 2.5 1.8 1.8
4 kHz 0.0 0.9 0.0 0.6 0.5
8 kHz :.2 0.3 1.6 1.2 1.0

16 kHz 1.6 1.0 0.8 0.3 0.7

CHINCHILLA K21R

0.125 kHz 2.0 77.3 88.5 89.7 85.1
0.25 kHz 1.9 17.1 28.0 70.9 38.7
0.5 kHz 4.4 1.1 0.3 15.8 5.7
1 kHz 11.4 13.7 14.7 15.8 14.7
2 kHz 0.4 2.4 1.9 0.8 1.7
4 kHz 0.5 1.2 1.8 2.9 2.0
8 kHz 1.8 1.2 0.5 4.2 2.0

16 kHz 0.8 1.0 0.8 1.3 1.0

CHINCHILLA K108R

0.125 kHz 0.0 0.0 1.6 10.9 4.2
0.25 kHz 0.0 0.0 0.3 2.9 1.0
0.5 kHz 1.1 1.2 1.8 2.2 1.7
1 kHz 1.7 87.7 88.1 78.8 84.9
2 kHz 1.3 44.9 44.9 31.8 40.5
4 kHz 0.0 0.6 0.4 0.3 0.4
8 kHz 0.4 0.0 0.8 0.3 0.4
16 kHz 0.0 1.4 0.0 0.0 0.4
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GROUP 5: 135 dB - High Peak Impulse - Individual Animal Data (CONTIUD)

% SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

* CHINCHILLA K103R

0.125 kHz 0.6 3.6 16.4 31.1 17.0
* 0.25 kHz 0.3 4.4 3.9 13.2 7.1

0.5 kHz 0.3 8.3 6.4 4.4 6.4
1 kHz 71.8 95.2 95.8 78.7 89.9
2 kHz 0.0 42.8 57.0 7.2 35.7
4 kHz 0.7 0.6 3.1 1.1 1.6
8 kHz 0.0 1.2 3.7 1.2 2.0

16 kHz 0.6 2.9 5.0 3.7 3.8

CHINCHILLA K68R

0.125 kHz 0.0 43.1 38.4 24.4 35.3
0.25 kHz 0.0 0.3 15.1 34.8 16.7
0.5 kHz 0.7 1.7 1.1 6.4 3.1
1 kHz 30.7 35.1 35.0 35.3 35.1
2 kHz 0.0 1.5 0.1 1.3 1.0
4 kHz 0.4 0.6 1.1 1.4 1.0
8 kHz 0.0 0.3 0.9 1.5 0.9

16 kHz 0.0 0.3 0.0 0.6 0.3

CHINCHILLA K116R

0.125 kHz 2.0 2.6 5.1 11.3 6.3
0.25 kHz 0.0 0.8 0.3 9.1 3.4

* 0.5 kHz 1.2 0.9 1.5 2.8 1.7
1 kHz 0.0 0.7 0.4 1.4 0.9

* 2 kHz 0.0 0.7 0.4 0.3 0.5
4 kHz 0.8 0.9 0.3 0.9 0.7
8 kHz 0.0 0.9 0.6 0.0 0.5

* 16 Khz 0.4 1.7 0.6 2.4 1.6
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GROUP 6: 127 dB - Low Peak impulse

TOTAL NUMBER OF SENSORY CELLS MISSING IN THE ENTIRE COCHLEA

1ST ROW 2ND ROW 3RD ROW TOTAL
ANIMAL INNER OUTER OUTER OUTER OUTER
NUMBER HAIR HAIR HAIR HAIR HAIR

CELLS CELLS CELLS CELLS CELLS

K62R 11 119 178 166 463

K115R 7 29 49 72 150

K69R 104 498 479 329 1306

K114R 13 44 84 100 228

K102R 8 27 79 156 262

K93R 10 21 32 45 98

GROUP MEAN 26 418

SD 39 453
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GROUP 6: 127 dB - Low Peak Impulse

GROUP MEANS

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND
LENGTHS OF THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

OCTAVE BAND INNER 10 log IHC OUTER 10 log OHC

* CENTER HAIR HAIR 10

FREQUENCY CELLS CELLS

0.125 kHz 2.8 4.5 89.7 9.5
0.25 kHz 1.0 0 44.2 6.5
0.5 kHz 0.8 -1.0 31.0 4.9
1 kHz 11.5 10.6 111.2 10.5
2 kHz 5.8 7.6 112.7 10.5
4 kHz 1.5 1.8 7.8 -1.1
8 kHz 1.5 1.8 9.8 -0.1

16 kHz 1.0 0 11.0 0.4

STANDARD DEVIATIONS

TOTAL TOTAL
INNER OUTER
HAIR HAIR
CELLS CELLS

0.125 kHz 3.0 46.0
0.25 kHz 1.3 34.6
0.5 kHz 1.6 21.3
1 kHz 26.2 179.2
2 kHz 12.4 232.4
4 kHz 1.4 3.2
8 kHz 1.0 5.9

16 kHz 0.8 4.9

2
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INDIVIDUAL ANIMAL DATA

GROUP 6: 127 dB - Low Peak Impulse

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LNGThS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST Row 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA K62R

0.125 kHz 7 34 64 69 167
0.25 kHz 0 11 11 50 72
0.5 kHz 0 18 13 21 52
1 kHz 1 45 28 5 78
2 kHz 2 6 54 1 61
4 kHz 0 1 1 5 7
8 kHz 1 0 3 7 10

16 kHz 0 4 4 8 16
TOTALS 11 119 178 166 463

CHINCHILLA K115R

0.125 kHz 0 17 32 26 75
0.25 kHz 0 1 4 20 25
0.5 kHz 4 1 1 1 3
1 kHz 0 4 10 21 35
2 kHz 0 2 1 1 4
4 kHz 1 2 1 1 4
8 kHz 2 1 0 1 2

16 kHz 0 1 0 1 2
TOTALS 7 29 49 72 150

CHINCHILLA K69R

0.125 kHz 0 20 33 27 80
0.25 kHz 3 8 16 76 100
0.5 kHz 0 8 3 12 23
1 kHz 65 202 182 90 474
2 kHz 31 249 235 101 585
4 kHz 3 2 1 7 10
8 kHz 1 6 5 9 20

16 kHz 1 3 4 7 14
TOTALS 104 498 479 329 1306
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GROUP 6: 127 dB - Low Peak Impulse - Individual Animal Data (CONTINE))

TOTAL SENSORY CELL LOSSES OVER OCTAVE BAND LENGTHS OF
THE COCHLEA CWEI'ED AT THE FREQUECIES INDICATED

1ST ROW 2ND ROW 3RD ROW TOTAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

* CHINCHILLA K114R

0.125 kflz 2 6 32 62 100
* 0.25 kHz 2 6 3 13 22

0.5 kHz 1 11 21 11 43
1 kHz 2 4 15 3 22
2 kHz 0 7 1 0 8
4 kHz 3 1 4 1 6
8 kHz 3 3 2 6 11
16 kHz 0 4 5 4 13
TOTALS 13 44 84 100 228

CHINCHILLA K102R

0.125 kHz 2 10 42 39 91
0.25 kHz 1 4 14 18 36
0.5 kHz 0 3 13 37 53
1 kHz 1 2 2 42 46
2 kHz 2 2 1 9 12
4kHz 0 4 2 1 7
8 kHz 2 2 2 3 7
16 kHz 0 0 3 7 10
TOTALS 8 27 79 156 262

CHINCHILLA K93R

0.125 kHz 6 2 5 18 25
0.25 kHz 0 5 3 2 10

* 0.5 kHz 0 1 9 2 12
1 kHz 0 2 4 6 12
2 2kHz 0 2 1 3 6
4 kHz 2 2 4 7 13
8kHz 0 4 2 3 9

* 16 kHz 2 3 4 4 11
TALS 10 21 32 45 98
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GROW 6: 127 dB - Low Peak Imulse

% SENS5ORY CELL LOSSES OVER OCTAVE SAMD LENGMS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

TTAL
OCTAVE BAND INNER OTER

CENTER HAIR HAIR
FREQUENCY CELLS CELLS

GROUP MEANS

0.125 kHz 2.0 15.7
0.25 kHz 0.4 4.1
0.5 kHz 0.4 3.1
1 kHz 6.0 12.6
2 JCHZ 0.9 9.8
4 kHz 0.5 0.8
8 kHz 0.6 1.0
16 kHz 0.2 1.3

STANDRD DEVIATIONS

0.125 kHz 2.0 7.5
0.25 kHz 0.5 3.1
0.5 kHz 0.7 2.1
1 kHz 13.9 21.6
2 kHz 1.3 19.7
4 kHz 0.5 0.3
8 kHz 0.4 0.5

16 kHz 0.4 0.6

2

0

e
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INDIVIDUAL ANIMAL DATA

GROUP 6: 127 dB - Low Peak Impulse

% SENSORY CELL LOSSES OVER OCTAVE BAND LN1GHS OF
THE COCHLEA CENTERED AT THE FREQUENCIES INDICATED

1ST ROW 2ND ROW 3RD ROW ITAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER

CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA K114R

0.125 kHz 1.5 3.0 15.9 31.0 16.6
0.25 kHz 0.7 1.7 0.9 3.5 2.0
0.5 kHz 0.4 3.1 6.2 3.1 4.1
1 kHz 0.8 1.4 4.2 0.9 2.2
2 kHz 0.4 1.8 0.6 0.0 0.8
4 kHz 0.8 0.3 0.9 0.6 0.6
8 kHz 1.1 0.9 0.6 1.5 1.0

16 kHz 0.0 1.9 1.9 1.3 1.7

CHINCHILLA K102R

0.125 kHz 1.3 5.0 20.9 19.6 15.2
0.25 kHz 0.4 1.1 4.4 5.2 3.6
0.5 kHz 0.0 0.8 3.1 11.4 5.1
1 kHz 0.7 0.6 0.6 11.8 4.3
2 kHz 0.4 0.6 0.3 2.1 1.0
4 kHz 0.0 1.2 0.6 0.3 0.7
8 kHz 0.7 0.6 0.6 0.9 0.7

16 kHz 0.0 0.0 1.0 2.3 1.1

CHINCHILLA K93R

* 0.125 kHz 4.3 1.4 2.7 9.8 4.6
0.25 kHz 0.0 1.4 1.1 0.6 1.0
0.5 kHz 0.0 0.3 2.6 1.0 1.3

1 kHz 0.0 0.7 1.3 1.9 1.3
2 kHz 0.0 0.6 0.3 1.0 0.7
4 kHz 0.8 0.6 1.3 1.8 1.2
8 kHz 0.0 1.3 0.6 1.3 1.1

16 kHz 0.9 1.1 1.4 1.1 1.2
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GROUP 6: 127 dB - Low Peak Impulse - Individual Animal Data (CONTINlED)

% SENSORY CELL LOSSES OVER OCTAVE BAND LDGTHS OF
THE COCHLEA CNTERED AT THE FREQNCIES INDICATED

1ST ROW 2ND ROW 3RD ROW 0TAL
OCTAVE BAND INNER OUTER OUTER OUTER OUTER
CENTER HAIR HAIR HAIR HAIR HAIR
FREQUENCY CELLS CELLS CELLS CELLS CELLS

CHINCHILLA K62R 9

0.125 kHz 4.6 17.1 32.2 34.8 28.0
0.25 kHz 0.0 3.1 3.1 14.3 6.9
0.5 kHz 0.3 6.6 3.9 6.0 5.5
1 kHz 0.1 12.3 8.6 1.3 7.4
2 kHz 0.8 1.5 15.6 0.6 5.9
4 kHz 0.0 0.3 0.3 1.2 0.6
8 kHz 0.4 0.0 0.9 2.1 1.0

16 kHz 0.0 1.3 1.2 2.6 1.7

CHINCHILLA KIISR

0.125 kHz 0.0 9.5 18.3 15.0 14.3
0.25 kHz 0.0 0.3 1.0 6.0 2.4
0.5 kHz 1.7 0.3 0.3 0.6 0.4
1 kHz 0.0 1.3 3.3 6.7 3.8
2 kHz 0.0 0.7 0.3 0.3 0.4
4 kHz 0.4 0.7 0.3 0.4 0.5
8 klz 0.8 0.3 0.0 0.2 0.2

16 kHz 0.0 0.4 0.0 0.4 0.2

CHINCHILLA K69R

0.125 kHz 0.0 12.1 17.3 16.7 15.3
0.25 kHz 1.2 1.2 4.3 20.8 8.8
0.5 kHz 0.0 3.1 0.9 3.2 2.4
1 kHz 34.3 69.6 64.2 35.7 56.5
2 kaz 3.5 65.8 61.6 21.9 49.8
4 kHz 1.1 0.9 0.5 2.2 1.2
8 kHz 0.4 1.5 1.3 2.5 1.8

16 kHz 0.4 1.0 1.3 2.3 1.6
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APPEDIX E

BACKGROUND FOR THE COMPU7rATION OF EXPOSURE ENERGY LEVELS*

The following equation was used to calculate the energy transported
with an impulse per unit of area.

1 2W p (t) dt (1)

The following definitions apply:

W is2energy per unit area transported in the specified direction
(joules/A4 ).

P(t) is the instantaneous pressure as a function of time (Pa).

oc is the specific acoustic impedance taken as 410 rayls (N.Sec/M
3)

for air.

This equation is subject to the assumption that the impulse mea-
sured in the far field is a plane wave. It should be noted that the
pressure measurements were made without the animal in position, but at
the point in space approximating the entrance to the animal's ear canal
during the exposures. Equation (1) then was approximated by digital
integration of a time series representing P(t) for a single impulse.
This value then was converted to a level by

LE - 10 log WIWo (2)

where Wo was taken to be 1 joule/M2 . The exposure energy (EE) level for
each experimental condition then was calculated by

E- Le + 10 log N (3)

where N is the number of impulses in the exposure.

• Young, R. W., 1970. On the energy transported with a sound pulse.
The Journal of the Acoustical Societ. of America. 47:441-442.
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APPENDIX F

LIST OF MANUFACTURERS

Altec Lansing Corporation
1515 S. Manchester Avenue
Anaheim, CA 92803

Bruel and Kjaer Instruments, Incorporated
9047-A Gaither Road
Gaithersburg, MD 20760

John Fluke Manufacturing Company, Incorporated
P. 0. Box 43210
Mountlake Terrace, WA 98043

Industrial Acoustics Corporation
380 Southern Boulevard
Bronx, NY 10454

Nagra Magnetic Recorders, Incorporated
19 West 44th Street, Room 715
New York, NY 10036

Rockland Systems Corporation
230 West Nyack Road
West Nyack, NY 10994

Carl Zeiss, Incorporated
444 5th Avenue
New York, NY 10018

2
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ABSTRACT:

Most current Damage Risk Criteria (DRC) for human exposure
to impulse noise are written in terms of peak pressure as the
primary index of the traumatic potential or hazard associated
with exposure to an impulse noise. Since the peak pressure is
only one of many parameters of an impulse, there is a question
whether or not a DRC based on peak pressure can reflect
accurately the hazard to hearing posed by impulse noise. The
experiments described in this report were designed to determine
whether peak pressure is an adequate quantifier for an impulse
noise DRC. The general approach was to construct two types of
impulse noise with the same Fourier pressure spectrum, but with
different peak pressures. This makes it possible to compare the
hearing loss and injury resulting from impulses which have the
same total energy distributed the same way across frequency, but
with different peak pressures. We also can compare injury from
different levels. A total of 36 animals were divided into six
groups (six animals/group). Groups 1 and 2 were exposed to
impulses having approximately equal energy, but with peak
pressures that differed by 8 dB. Similarly, groups 3 and 4 and
groups 5 and 6 formed pairs of exposure groups where the energy
was equivalent, but the peak pressure differed by 8 dB.
Threshold shift was measured for 30 days postexposure and injury
to the cochlea was determined by examination of surface
preparations of the basilar membrane. The threshold shift
measured during the first few hours after exposure showed
systematic variation with both peak pressure and energy level.
The permanent threshold shift (20 to 30 days postexposure) and
the loss of sensory cells showed strong dependence on energy
level, with a less pronounced dependence on peak pressure. These
results indicate that peak pressure is not a sufficient indicator
of auditory hazard; however, energy alone is not a sufficient
indicator either.
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